EP0009306.37A2 [8Je;//C:\Documents and Settings\keehanb\Local SettingsMemporary Internet Files\QLK23\EP000930637A2,cpc] 



Page 1 of 29 



(19) 



(12) 



(43) Date of publication: 

21.07.1999 Bulletin 1999/29 

(21) Application number: 98310323.5 

(22) Date of filing: 16.12.1998 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) E P 0 930 637 A2 

EUROPEAN PATENT APPLICATION 

(51) Int a. 6 : H01J 17/16, H05K 9/00 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 


• Yoshikawa, Masato, 


MCNLPTSE 


Technical Center Bridgestone Co 


Designated Extension States: 


Kodaira-shi, Tokyo (JP) 


ALLTLVMKROSI 


• Morimura, Yasuhlro, 


(30) Priority: 22.12.1997 JP 35320497 


Tech.Center Bridgestone Co 


Kodaira-shi, Tokyo (JP) 


22.12.1997 JP 35320597 


22.12.1997 JP 35320697 


(74) Representative: 


22.12.1997 JP 35320797 


Jenkins, Peter David et al 




PAGE WHITE & FARRER 


(71) Applicant: 


54 Doughty Street 


Bridgestone Corporation 


London WC1N2LS(GB) 


Tokyo (JP) 



(54) Electromagnetic-wave shielding and light transmitting plate and display panel 



(57) An electromagnetic-wave shielding and light 
transmitting plate or a display panel is provided which 
comprises a transparent base plate or a PDP body, a 
transparent base plate, a conductive composite mesh 
member which is interposed therebetween and bonded 
together by adhesive intermediate films. Alternatively, 
an electromagnetic-wave shielding and light transmit- 
ting plate or a display panel is provided which com- 
prises a transparent base plate or a PDP body having a 
transparent conductive film, a transparent base plate, 
and a conductive composite mesh member which is 
interposed therebetween and bonded together, wherein 



a conductive adhesive tape is bonded to cover a range 
from the outside edges of the transparent conductive 
film to the outside edges of the transparent base plate 
through the end faces of the latter, and margins of the 
conductive composite mesh member are folded and 
fixed to the transparent base plate or the PDP body by 
conductive adhesive tapes. The conductive composite 
mesh member is made by weaving metallic fibers 
and/or metal-coated organic fibers, of which wire diam- 
eter is 200 \im or less, with transparent fibers together 
to have an open area ratio 75% or more. 
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Description 

[0001] The present invention relates to an electromagnetic-wave shielding and light transmitting plate suitable for a 
front filter of a PDP (plasma display panel), which has good electromagnetic-wave shielding and light transparency. The 

5 present invention also relates to an electromagnetic-wave shielding and light transmitting plate, which can be easily 
built in a body of equipment such as an office automation apparatus and can provide good current conduction relative 
to the body of the equipment, and a gas discharge type display panel utilizing a PDP which is integrated with electro- 
magnetic-wave shielding and light transmitting plate to impart electromagnetic-wave shielding efficiency to the display 
panel itself thereby lightening its weight, making it thinner, reducing the number of parts, and thus improving the pro- 

10 ductivity and reducing the cost. 

[0002] With the spread of electronic appliances including office automation apparatuses and communication instru- 
ments, electromagnetic wave emission from these appliances have come into a problem. That is, adverse effect of elec- 
tromagnetic wave to the human body is feared and it is also a problem that the electromagnetic wave affects precision 
apparatus to cause malfunction. 

15 [0003] Therefore, plates having good electromagnetic-wave shielding efficiency and light transparency have devel- 
oped as front filters for PDPs of the office automation apparatuses and come into commercial use. Such plates are also 
used as windows of a place where a precision apparatus is installed, such as a hospital or a laboratory in order to pro- 
tect the precision apparatus from electromagnetic waves form a portable telephone. 

[0004] A conventional electromagnetic-wave shielding and light transmitting plate typically comprises transparent 
20 base plates such as acrylic boards and a conductive mesh member like a wire netting and is formed by interposing the 
conductive mesh member between the transparent base plates and by assembling them. 

[0005] A conductive mesh member conventionally used fa an electromagnetic-wave shielding and light transmitting 
plate generally has a wire diameter between 10 urn and 500 urn, a sieve opening from about 5 meshes to about 500 
meshes, and an open area ratio less than 75%. 
25 [0006] In order to provide good electromagnetic-wave shielding efficiency when such an electromagnetic-wave shield- 
ing and light transmitting plate is assembled in a body of equipment such as PDP, it is necessary to provide uniform cur- 
rent conduction between the electromagnetic-wave shielding and light transmitting plate and the body of equipment, 
that is, between the conductive mesh of the electromagnetic-wave shielding and light transmitting plate and a conduc- 
tion surface of the body. 

30 [0007] A structure, which can provide good current conduction between an electromagnetic-wave shielding and light 
transmitting plate and a body of equipment but is simple, has conventionally proposed (JPA 9-147752). This structure 
is made by forming a conductive mesh member in such a size that the periphery thereof is positioned outside of periph- 
eral edges of transparent base plates so as to form margins when it is interposed therebetween, then folding the mar- 
gins on the surface of one of the transparent base plates so that the margins function as conductive portions between 

35 the electromagnetic-wave shielding and light transmitting plate and the body of equipment, and bonding the margins to 
the body of equipment by pressure bonding. 

[0008] As for the conductive mesh member conventionally used, the larger the wire diameter, the larger is the sieve 
opening, or, the smaller the wire diameter, the smaller is the sieve opening. This is because a mesh having larger sieve 
opening can be made by using fibers of larger wire diameter, but it is quite difficult to make a mesh having larger sieve 
40 opening by using fibers of smaller wire diameter. 

[0009] Accordingly, conventional electromagnetic-wave shielding and light transmitting plates employing such con- 
ductive mesh member are at a disadvantage in that the light transparency obtained by even the best one is around 70%, 
that is, good light transparency can not be obtained. 

[001 0] The conventional electromagnetic-wave shielding transmitting plates are also at a disadvantage in that moire 
4$ phenomenon (interference fringes) easily occurs because of the relation between the conductive mesh and pitch of pix- 
els of a light emitting panel on which the electromagnetic-wave shielding and light transmitting plate is mounted. 
[001 1 ] Though both light transparency and electromagnetic-wave shielding efficiency can be provided by combination 
of such a conductive mesh member and a transparent conductive film, the transparent conductive film is at a disadvan- 
tage in that it is not easy to provide conduction relative to a body of equipment 
so [001 2] The conductive mesh member can provide conduction relative to the body of the equipment by means of form- 
ing the conductive mesh member such that its periphery is positioned outside of peripheral edges of a transparent base 
plate and folding the peripheral portions of the conductive mesh member along the peripheral edges of transparent 
base plate. That is, the conduction between the conductive mesh member and the body of the equipment can be 
obtained through the folded peripheral portions of the conductive mesh member. In case of the transparent conductive 
55 film, however, if the latter is formed so that its periphery is positioned outside of peripheral edges of the transparent 
base plate and then folded along the peripheral edges of the transparent base plate, the film may tear at the folded por- 
tions so that the conduction between the film and the transparent base plate can not be obtained. 
[001 3] Instead of the transparent conductive film, a transparent conductive layer may be directly formed on a bonding 
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surface of one of transparent base plates. In this case, however, the transparent conductive layer is covered by the other 
transparent base plate, so the conduction from the transparent conductive layer to the body of equipment can not be 
obtained. 

[0014] In case of employing a transparent conductive film, any design change, such as forming a through hole in a 
5 transparent base plate to provide conduction relative to the transparent conductive f flm, is necessary, thereby making 
complex the assembly of an electromagnetic-wave shielding and light transmitting plate and the operation for building 
in the body of the equipment. 

[001 5] On the other hand, a PDP utilizing a discharging phenomenon has the following advantages in comparison to 
a liquid crystal display (LCD) and a cathode ray tube (CRT). Therefore, recently it has been researched and developed 
10 for practical use, for example, televisions, office automatic apparatus such as personal computers and word processors, 
traffic apparatus, boards, and other kinds of display panels. 

1 . it utilizes discharge light so that it is spontaneous light. 

2. As its discharge gap is 0.1-0.3 mm, H can be shaped in panel. 
75 3. By using fluorescent substances, it can emit colors. 

4. It eases to make wide screen. 

[001 6] The basic display mechanism of the PDP is displaying of letters and figures by selective discharge emitting of 
fluorescent substances in many discharge cells which are disposed distantly each other between two plate glasses, 

20 and for example, has a mechanism as shown in Fig. 6. 

[001 7] In Fig. 6, a numeral 61 designates a front glass, 62 designates a rear glass, 63 designates a bulkhead, 64 des- 
ignates a display cell (discharge cell), 65 designates an auxiliary cell, 66 designates a cathode, 67 designates a display 
anode, 68 designates an auxiliary anode. A red fluorescent substance, a green fluorescent substance, or a blue fluo- 
rescent substance (not shown) is provided in a film form on internal walls of each display cell 64 and these fluorescent 

25 substances emit light by electrical discharges when a voltage is applied between electrodes. 

[001 8] From the front surface of the PDP, electromagnetic waves with frequency from several kHz to several GHz are 
generated due to applying voltage, electrical discharge, and light emission, and the electromagnetic waves have to be 
shielded. Moreover, for improving its display contrast, reflection of external light at the front surface has to be prevented. 
[001 9J In order to shield such electromagnetic waves from PDP, a transparent plate which has electromagnetic-wave 

30 shielding efficiency is disposed in front of the PDP. 

[0020] In this case, conductive mesh member conventionally used for an electromagnetic-wave shielding and light 
transmitting plate generally has a wire diameter between 10 urn and 500 urn, a sieve opening from about 5 meshes to 
about 500 meshes, and an open area ratio less than 75%. As for the conductive mesh member conventionally used, 
the larger the wire diameter, the larger is the sieve opening, or, the smaller the wire diameter, the smaller is the sieve 

35 opening. This is because a mesh having larger sieve opening can be made up of fibers of larger wire diameter, but it is 
quite difficult to make a mesh having larger sieve opening with fibers of smaller wire diameter. 
[0021 ] The PDP which the separate transparent plate is disposed in front of the PDP has defects as follows: 

1 . Structure for disposing two panels is complicated. 
40 2. As a transparent base plate made of glass or the like is required for each of the PDP and the electromagnetic- 
wave shielding transparent plate, the PDP and the electromagnetic-wave shielding transparent plate make thicker 
and heavier in total. 

3. The number of parts and man-hours are increased, thereby raising the cost 

45 [0022] Conventional electromagnetic-wave shielding and light transmitting plates employing the conductive mesh 
member which used, the larger the wire diameter, the larger is the sieve opening, or. the smaller the wire diameter, the 
smaller is the sieve opening, are at a disadvantage in that the light transparency obtained by even the best one is 
around 70 %, that is. good light transparency can not be obtained. 

[0023] The conventional electromagnetic-wave shielding transmitting plates are also at a disadvantage in that moire 
so phenomenon (interference fringes) easily occurs because of the relation between the conductive mesh and pitch of pix- 
els of a light emitting panel. 

[0024] As mentioned above, a conventional electromagnetic-wave shielding and light transmitting plate typically com- 
prises transparent base plates such as acrylic boards and a conductive mesh member like a wire netting and is formed 
by interposing the conductive mesh member between the transparent base plates and by assembling them. 
55 [0025] In order to provide good electromagnetic-wave shielding efficiency when such an electromagnetic-wave shield- 
ing and light transmitting plate is assembled in a body of equipment such as PDP, it is necessary to provide uniform cur- 
rent conduction between the electromagnetic-wave shielding and light transmitting plate and the body of equipment, 
that is, between the conductive mesh of the electromagnetic-wave shielding and light transmitting plate and a conduc- 



3 



EP000930637A2 tfn^//C;\Documents and SettingsVkeehanbVLocal Settings\Temporary Internet FHes\OLK23\EP000930637A2.cpc] 



Page 4 of 29 



EP0930 637A2 

tion surface of the body. 

[0026] ft is the first aim of the present invention to provide an electromagnetic-wave shielding and light transmitting 
plate, suitable for use as an electromagnetic-wave shielding filter for a PDP, which has high electromagnetic-wave 
shielding efficiency and excellent light transparency and thus can provide distinct pictures. 

5 [0027] It is the second aim of the present invention to provide an electromagnetic-wave shielding and light transmitting 
plate, which prevents moire phenomenon and which is excellent all in its light transparency, its electromagnetic-wave 
shielding efficiency, and its heat ray (near infrared ray) resistance, comprising a transparent conductive film and a con- 
ductive mesh member which are interposed between two transparent base plates, which can be easily assembled, eas- 
ily built in a body of equipment, and can provide uniform and low-resistant conduction relative to the body of the 

w equipment. 

[0028] ft is the third aim of the present invention to provide a display panel utilizing a PDP which is integrated with 
electromagnetic-wave shielding material to impart electromagnetic-wave shielding efficiency to the display panel itself, 
thereby lightening its weight, making its wall thinner, reducing the number of parts, and thus improving the productivity 
and reducing the cost, and to provide a display panel which has good light transparency and high electromagnetic-wave 
is shielding efficiency and thus can provide distinct pictures by preventing moire phenomenon. 

[0029] It is another aim of the present invention to provide a display panel which can be easily bullet in the body of 
the equipment and can provide uniform and low-resistant conduction between the electromagnetic-wave shielding 
material thereof and the body of the equipment. 

[0030] An electromagnetic-wave shielding and light transmitting plate of the first aspect of the present invention com- 

20 prises two transparent base plates and a conductive mesh member wherein the conductive mesh member is interposed 
between the transparent base plates and integrally bonded together by transparent adhesives. The electromagnetic- 
wave shielding and light transmitting plate is characterized in that the conductive mesh member is a conductive com- 
posite mesh member which is made by weaving metallic fibers and/or metal-coated organic fibers, of which wire diam- 
eter is 200 or less, with transparent f foers to have an open area ratio 75% or more. 

25 [0031] In the first aspect, because of using the conductive composite mesh member, in which metallic fibers and/or 
metal-coated organic ffoers having wire diameter equal to or less than 200 urn and transparent fibers are woven 
together, the mesh configuration can be maintained by the interworking of the transparent f foers even with the larger 
sieve opening of lattices formed by the metallic fibers and/or metal-coated organic fibers. Therefore, the spaces formed 
by the metallic fibers and/or metal-coated organic fibers can be larger to obtain excellent light transparency and thus 

30 prevent the moire phenomenon. 

[0032] Also in the first aspect, the deviation in mesh can be prevented by interposing the conductive composite mesh 
member between the transparent base plates and integrally bonding them with the transparent adhesives. 
[0033] An electromagnetic-wave shielding and light transmitting plate of the second aspect comprises a first transpar- 
ent base plate, a second transparent base plate having a transparent conductive film on one surface thereof, and a con- 

35 ductive mesh member wherein the conductive mesh member is interposed between the transparent base plates and 
integrally bonded together by transparent adhesives in such a manner that the transparent conductive film is positioned 
at the bonding side. In the electromagnetic-wave shielding and light transmitting plate, the conductive mesh member is 
a conductive composite mesh member which is made by weaving metallic fibers and/or metal-coated organic fibers, of 
which wire diameter is 200 urn or less, with transparent fibers together to have an open area ratio 75% or more, a con- 

40 ductive adhesive tapes (first conductive adhesive tapes) are bonded to cover a range from the outside edges of the 
transparent conductive film to the outside edges of the other surface of the second transparent base plate through the 
end faces of the second transparent base, and margins of the conductive mesh member are positioned outside of the 
peripheral edges of the first and second transparent base plates, folded along the peripheral edges of the second trans- 
parent base plate, and attached to the surface of the second transparent base plate. 

45 [0034] Since the conductive composite mesh member and the transparent conductive film are interposed between 
the two transparent base plate, the electromagnetic-wave shielding and light transmitting plate of the second aspect 
can prevent the moire phenomenon so as to obtain excellent light transparency, electromagnetic-wave shielding effi- 
ciency, and heat-ray (near infrared ray) blocking efficiency. That is, because of using the conductive composite mesh 
member, in which metallic fibers and/a metal-coated organic f bers having wire diameter equal to or less than 200 

so and transparent fibers are woven together, the mesh configuration can be maintained by the interworking of the trans- 
parent fibers even with the larger sieve opening of lattices formed by the metallic fibers and/or metal-coated organic fib- 
ers. Therefore, the spaces formed by the metallic fibers and/or metal-coated organic ffbers can be larger to obtain 
excellent light transparency and thus prevent the moire phenomenon. Since the conductive composite mesh member 
can be formed in a design having high light transmitting efficiency without moire phenomenon but having insufficient 

55 electromagnetic-wave shielding efficiency, which is however compensated by the transparent conductive film, the elec- 
tromagnetic-wave shielding and light transmitting plate can be provided with high electromagnetic-wave shielding effi- 
ciency and heat-ray (near infrared ray) blocking efficiency. 

[0035] Also in the second aspect, the deviation in mesh can be prevented by interposing the conductive composite 
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mesh member between the transparent base plates and integrally bonding them with the transparent adhesives. 
[0036] A display panel of the third aspect of the present invention comprises a plasma display panel body, a conduc- 
tive mesh member bonded to a front surface of the plasma display panel body by transparent adhesives, and a trans- 
parent base plate bonded to a front surface of the conductive mesh member by transparent adhesives. The display 
5 panel is characterized in that the conductive mesh member is a conductive composite mesh member which is made by 
weaving metallic fibers and/or metal-coated organic f foers, of which wire diameter is 200 urn or less, with transparent 
fibers together to have an open area ratio 75% or more. 

[0037] In the display panel of the third aspect, the conductive composite mesh member is interposed between the 
PDP and the transparent base plate and integrated by the transparent adhesives, thereby lightening its weight, making 

10 it thinner, reducing the number of parts, and thus improving the productivity and reducing the cost. 

[0038] In addition, because of using the conductive composite mesh member, in which metallic fibers and/or metal- 
coated organic fibers having wire diameter equal to or less than 200 um and transparent fibers are woven together, the 
mesh configuration can be maintained by the interworking of the transparent fibers even with the larger sieve opening 
of lattices formed by the metallic fibers and/or metal-coated organic fibers. Therefore, the spaces formed by the metallic 

is fibers and/or metal-coated organic fibers can be larger to obtain excellent fight transparency and thus prevent the moire 
phenomenon. 

[0039] Also in the third aspect, the deviation in mesh can be prevented by interposing the conductive composite mesh 
member between the transparent base plate and the PDP body and integrally bonding them with the transparent adhe- 
sives. 

20 [0040] A display panel of the fourth aspect comprises a plasma display panel body, a conductive mesh member 
bonded to a front surface of the plasma display panel body by transparent adhesives, and a transparent base plate 
bonded to a front surface of the conductive mesh member by transparent adhesives. In the display panel, the conduc- 
tive mesh member is a conductive composite mesh member which is made by weaving metallic fibers and/or metal- 
coated organic fibers, of which wire diameter is 200 um or less, with transparent fibers together to have an open area 

25 ratio 75% or more, a transparent conductive film is further provided between the plasma display panel body and the 
conductive composite mesh member, conductive adhesive tapes are bonded to cover ranges from the outside edges of 
the transparent conductive film to the outside edges of the other surface of the plasma display panel body through the 
end faces of the plasma display panel body, respectively, and margins of the conductive composite mesh member are 
positioned outside of the peripheral edges of the transparent base plate and the plasma display panel body, folded 

30 along the peripheral edges of the plasma display panel body, and attached to the surface of the plasma display panel 
body. 

[0041 ] In the display panel of the fourth aspect, the conductive composite mesh member and the transparent conduc- 
tive film are interposed between the PDP and the transparent base plate and are integrated by the transparent adhe- 
sives, thereby lightening its weight, making it thinner, reducing the number of parts, and thus improving the productivity 
35 and reducing the cost. 

[0042] In display panel of the fourth aspect, the conductive composite mesh member and the transparent conductive 
film are used as the electromagnetic-wave shielding material, thereby preventing the moire phenomenon, obtaining 
excellent light transparency, electromagnetic-wave shielding efficiency, and heat-ray (near infrared ray) blocking effi- 
ciency. That is, because of using the conductive composite mesh member, in which metallic fibers and/or metal-coated 

40 organic fibers having wire diameter equal to or less than 200 um and transparent fibers are woven together, the mesh 
configuration can be maintained by the interworking of the transparent f foers even with the larger sieve opening of lat- 
tices formed by the metallic f foers and/or metal-coated organic fibers. Therefore, the spaces formed by the metallic fib- 
ers and/or metal-coated organic fibers can be larger to obtain excellent light transparency and thus prevent the moire 
phenomenon. Since the conductive composite mesh member can be formed in a design having high light transmitting 

45 efficiency without moire phenomenon but having insufficient electromagnetic-wave shielding efficiency, which can be 
however compensated by the transparent conductive film, the electromagnetic-wave shielding and light transmitting 
plate can be provided with high electromagnetic-wave shielding efficiency and heat-ray (near infrared ray) blocking effi- 
ciency. 

[0043] Also in the fourth aspect, the deviation in mesh can be prevented by interposing the conductive composite 
so mesh member between the transparent base plates and bonding them with the transparent adhesives. 

[0044] When the refraction factor of the transparent fibers of the conductive composite mesh member is largely dif- 
ferent from the refraction factor of the transparent adhesives occurs between the transparent fibers and the transparent 
adhesives, thus resulting irregularity of images. Accordingly, it is preferable that the difference between the refraction 
factor of the transparent f foers and the refraction factor of the transparent adhesives is ± 0.1 5 or less, particularly ± 0.05 
55 or less. 

[0045] In the present invention, it is preferable that the resin of the transparent adhesives is heat-cross-linkable adhe- 
sive resin which contains ethylene- vinyl acetate copolymer as the main component and crosslink! ng agent. 
[0046] In the electromagnetic-wave shielding and light transmitting plate or the display panel of the present invention, 
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the safety is improved because the conductive composite mesh member is interposed between the PDP body and the 
transparent base plate or between the transparent base plates and bonded to be integrated by the transparent adhe- 
sives so as to prevent scattering of fragments when damaged. An embodiment of the present invention will now be 
described by way of example only, with reference to the accompanying drawings in which:- 

5 

Fig. 1 is a schematic sectional view showing an embodiment of an electromagnetic-wave shielding and light trans- 
mitting plate according to the first aspect of the present invention; 

Fig. 2 is an enlarged schematic view showing a conductive composite mesh member according to the present 
invention; 

10 Fig. 3a is a schematic sectional view showing an embodiment of an electromagnetic-wave shielding and light trans- 
mitting plate according to the second aspect of the present invention, and Fig. 3b is a plan view showing a trans- 
parent conductive film on which cross-linkable conductive adhesive tape is applied; 

Fig. 4 is a schematic sectional view showing an embodiment of a display panel of the third aspect of the present 
invention; 

is Fig. 5a is a schematic sectional view showing an embodiment of a display panel of the fourth aspect of the present 
invention, and Fig. 5b is a plan view showing a transparent conductive film on which cross-linkable conductive 
adhesive tape is applied; and 

Fig. 6 is a partially perspective cut-way view showing the structure of a normal PDP. 

20 [0047] Hereinafter, embodiments of electromagnetic-wave shielding and light transmitting plates of the present inven- 
tion will be described with reference to the drawings. 

[0048] Reference to Figs. 1 and 2, the electromagnetic-wave shielding and light transmitting plate of the first aspect 
of the present invention will be described. 

[0049] Fig. 1 is a schematic sectional view showing the embodiment of the electromagnetic-wave shielding and light 
25 transmitting plate of the first aspect of the present invention. Fig. 2 is an enlarged schematic view showing a conductive 
composite mesh member according to the present invention. 

[0050] The electromagnetic-wave shielding and light transmitting plate 1 comprises two transparent base plates 2A, 
2B and a conductive composite mash member 3 interposed between adhesive intermediate films 4A, 4B. The conduc- 
tive composite mesh member 3 with adhesive intermediate films 4A, 4B is interposed between the transparent base 

30 plates 2A, 2B and is integrally bonded together to form an assembled unit The margins of the conductive mesh mem- 
ber 3 positioned outside of the peripheral edges of the transparent base plates 2A, 2B are folded along the peripheral 
edges of the transparent base plate 2A and are bonded to the transparent plate 2A with a conductive adhesive tape 7. 
In this manner, the electromagnetic-wave shielding and light transmitting plate 1 is formed. 
[0051 ] In this embodiment, the conductive adhesive tape 7 is bonded to all around ends of the assembled unit of the 

35 transparent base plates 2A, 2B and the conductive composite mesh member 3 in such a manner as to cover corners 
between surfaces and the end faces so that the conductive adhesive tape 7 is bonded to outside edges of both trans- 
parent base plates 2A, 2B. 

[0052] In the electromagnetic-wave shielding and light transmitting plate of the present invention, examples of mate- 
rial of the transparent base plates 2A, 2B include glass, polyester, polyethylene terephthalate (PET), polybutylene 
40 terephthalate, polymethyl methacrylate (PMMA), acrylic board, polycarbonate (PC), polystyrene, triacetate film, polyvi- 
nyl alcohol, polyvinyl chloride, polyvinylidene chloride, polyethylene, ethylene-vinyl acetate copolymer, polyvinylbutyral, 
metal ionic cross-linked ethylene-methacrylic copolymer, polyurethane. and cellophane. Preferably seJected from the 
above materials are glass, PET, PC, and PMMA. 

[0053] The thicknesses of the transparent base plates 2A, 2B are suitably determined in accordance with require- 
45 ments (e.g. strength, light weight) due to the application of a plate to be obtained and are normally in a range from 0. 1 
to 10 mm. 

[0054] The transparent base plates 2A, 2B are not necessarily made of the same material. For example, in a case of 
a PDP front filter of which only the front surface is required to have scratch resistance and durability, the transparent 
base plate 2 A as the front surface may consist of a glass plate having a thickness of 0. 1 to 1 0 mm and the transparent 

so base plate 2B as the rear surface (at the electromagnetic wave source side) may consist of a PET film or PET board, 
an acrylic film or acrylic board, or a polycarbonate film or polycarbonate board having a thickness of 1 urn to 1 mm. In 
the electromagnetic-wave shielding and light transmitting plate of this embodiment, acrylic resin-based black painting 6 
is provided in a flame shape on the peripheral portion of the rear surface of the transparent base plate 2B. 
[0055] In the electromagnetic-wave shielding and light transmitting plate 1 of this embodiment, an antiref lection film 

55 5 is formed on the surface of the transparent base plate 2A as the front surface. The antiref lection film 5 formed on the 
surface of the transparent base plate 2A is a film or a laminated film of a high-refractive transparent fflm and a low- 
refractive transparent film and examples of the film or the laminated films are as follows: 



6 



EP0OG93O6.37A2 [file://C;\Doctjments and Settings\keehanb\Local SetUngsVTemporary Internet Files\OLK23\EP000930637A2.cpc] 



Page 7 of 29 



EP0930 637A2 

(a) a f Dm consisting of a rower-refractive transparent film than the transparent face plate; 

(b) a laminated film consisting of a high-refractive transparent fflm and a low-refractive transparent film, i.e. two 
films in amount; 

(c) a laminated film consisting of two high-refractive transparent films and two low-refractive transparent films which 
5 are alternately laminated, i.e. four films in amount; 

(d) a laminated film consisting of a medi urn-retractive transparent film, a high-refractive transparent film, and a low- 
refractive transparent film, i.e. three films in amount; and 

(e) a laminated film consisting of three high-refractive transparent films and three low-refractive transparent films 
which are alternately laminated, i.e. six films in amount. 

10 

[0056] As the high-refractive transparent film, a film, preferably a transparent conductive film, having a refractive index 
of 1.8 or more can be made of ZnO, Ti0 2 , SnO^ or ZrO in which TO (tin indium oxide) or ZnO. A1 is doped. On the 
other hand, as the low-refractive transparent film, a fflm can be made of low-refractive material having a refractive index 
of 1 .6 or less such as Si0 2 , MgF 2 , or Al 2 0 3 . The thicknesses of the films vary according to the film structure, the film 
is kind, and the central wavelength because the refractive index in a visible-light area is reduced by interference of light. 
In case of four-layer structure, the antiref lection film is formed in such a manner that the first layer (high-refractive trans- 
parent film) is from 5 to 50 nm, the second layer (low-refractive transparent film) is from 5 to 50 nm, the third layer (high- 
refractive transparent film) is from 50 to 100 nm, and the fourth layer (low-refractive transparent film) is from 50 to 150 
nm in thickness. 

20 [0057] The antiref lection film may be further formed with an arrtifouling film to improve the fouling resistance of the 
surface. The antifouJing film is preferably a f luorocarbon or silicone film having a thickness in a range from 1 to 1 000 nm. 
[0058] The transparent base plate 2A as the front surface of the electromagnetic-wave shielding and light transmitting 
plate of the present invention may be further processed by hard coating with silicone material and/or anti- glare finish 
by hard coating including light-scattering agent. On the other hand, the transparent base plate 2B as the rear surface 

25 may be processed by heat ray reflection coating with a metallic film or a transparent conductive film to improve its func- 
tion. A transparent conductive film may also be formed on the transparent base plate 2A as the front surface. The trans- 
parent conductive film is preferably an ITO (indium-tin oxide) or ZnO film having thickness in a range from 0.01 - 1 nm. 
[0059] The above description about the transparent base plates will be applied to transparent base plates 1 2A, 1 2B 
of the second aspect, a transparent base plate 22 of the third aspect, and a transparent base plate 32 of the fourth 

30 aspect, which will be described later. 

[0060] In the present invention, used as the conductive composite mesh member 3 to be interposed between the 
transparent base plates 2 A, 2B is a conductive composite mesh member 3 in which metallic fibers and/or metal-coated 
organic f bers, of which wire diameter is 200 nm or less, and transparent fibers are woven. 

[0061] When the wire diameter of the metallic fibers or metal-coated organic fibers is more than 200 *im, the light 
35 transparency is reduced and the moire phenomenon easily occurs. When the wire diameter is excessively small, it is 
difficult to maintain the mesh configuration and the electromagnetic-wave shielding efficiency is reduced. It is therefore 
preferable that the wire diameter is between 10 and 200 jim. 

[0062] According to the present invention, the metallic fibers and/or metal-coated organic fibers of small wire diameter 
and the transparent fibers are woven in such a manner that the transparent fibers are interworked between the metallic 
40 fibers and/or metal-coated organic fibers in order to maintain the mesh configuration. This enables the opening of lat- 
tices formed by the metallic fibers and/or metal-coated organic f bers to be larger, thereby improving the light transpar- 
ency and preventing the moire phenomenon. 

[0063] In the conductive composite mesh member according to the present invention, when the ratio of the metallic 
fibers and/or metal-coated organic fibers is excessively high and the ratio of the transparent fibers is low, the efficiency 
45 obtained by using the transparent fibers is little. On the other hand, when the ratio of the transparent f bers is exces- 
sively high and the ratio of the metallic fibers and/or metal-coated organic f bers is low, the electromagnetic-wave shield- 
ing efficiency is reduced. Therefore, the ratio of the metallic fibers and/or the metal-coated organic fibers and the 
transparent fibers is preferably, Metallic fibers and/or Metal-coated organic f bers: Transparent fibers = 1:1 • 1:10 (ratio 
by the number of fibers). 

so [0064] Therefore, the conductive composite mesh member is formed by weaving the metallic fibers and/or the metal- 
coated organic f bers and the transparent fibers at the above ratio in such a manner that these fibers are dispersed uni- 
formly. 

[0065] Following are examples of f ber patterns of the conductive composite mesh member 3 in Fig. 2. 
[0066] Among fibers a, a 2t a 3f .... a m and b 1t t^. 63, b„, the metallic fbers and/or metal-coated organic fbers are 
55 positioned at locations where "m" is divisible by (k + 1) [V is an integer equal to or more than 0] and Trf is divisible by 
(/ + 1) [T is an integer equal to or more than 0], while the transparent fibers are positioned at other locations (for exam- 
ple, the metallic fbers and/a metal-coated organic fibers are positioned at locations where "m" is 1 , 5. 9. 13, ... and the 
transparent fibers are positioned at locations where "m" is 2, 3, 4, 6, 7, 8, 10, 1 1 , 12, 14, .). 
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[0087] In the conductive composite mesh member employed in the present invention, the interworWng of the trans- 
parent fibers enables the open area ratio of lattices formed by the metallic fibers and/or metal-coated organic fibers to 
be equal to or more than 75% i.e. relatively larger, thereby improving the light transparency and preventing the moire 
phenomenon. It should be noted that the open area ratio is found by calculation based on the wire diameter of mesh 

5 and the number of fibers existing in a range of 1 inch. When each interval between the metallic fibers and/or metal- 
coated organic fibers is excessively targe, the electromagnetic-wave shielding efficiency is reduced. K is therefore pref- 
erable that the opening of lattices formed by the metallic fibers and/or metal-coated organic fibers is equal to or less 
than 300 meshes when the wire diameter is about 10 urn, equal to or less than 165 meshes when the wire diameter is 
about 20 urn, equal to or less than 100 meshes when the wire diameter is about 30 um, equal to or less than 80 meshes 

;o when the wire diameter is about 40 um, equal to or less than 60 meshes when the wire diameter is about 50 um, equal 
to or less than 30 meshes when the wire diameter is about 1 00 um, and equal to or less than 1 5 meshes when the wire 
diameter is about 200 um. 

[0088] It is preferable that the sieve opening of the conductive composite mesh member made of the metallic fibers 
and/or metal-coated organic f bers and the transparent fibers is from 5 to 1 000 meshes. 
is [0089] Examples as metal of the metallic fibers or metal-coated organic fibers constituting the conductive composite 
mesh member, include copper, stainless steel, aluminum, nickel, chromium titanium, tungsten, tin, lead, iron, silver, car- 
bon, or alloy thereof. Preferably selected from the above are copper, stainless steel, and aluminum. 
[0070] Examples as organic material of the metal-coated organic fibers include polyester, nylon, vinylidene chloride, 
aramid, vinylon, and cellulose. 

20 [0071 ] In this embodiment, the conductive composite mesh member 3 utilizing metal-coated organic fibers and trans- 
parent fibers with high toughness is preferable, because edges of the conductive composite mesh member 3 have to 
be folded back. 

[0072] By the way, when the refraction factor of the transparent fibers of the conductive composite mesh member 3 
is different from the refraction factor of an adhesive intermediate film, reflection occurs between the transparent fibers 

25 and the adhesive intermediate f flm, thus resulting irregularity of images. Accordingly, it is preferable to employ transpar- 
ent fibers, of which the refraction factor is similar to the refraction factor of transparent adhesive on the adhesive inter- 
mediate film in a range of refraction factor differential therebetween equal to or less than ±0.15, particularly ± 0.05. 
[0073] Therefore, preferable examples of the transparent fiber include, when the transparent adhesive is EVA (refrac- 
tion factor: 1.47-1.50) or PVB (refraction factor: 1.47- 1.48), fluorine substituted acrylic fibers such as polytrrfluoroethyl 

30 acrylate (refraction factor: 1 .41 ), polyether fibers such as polyoxyethylene (refraction factor: 1 .46). acrylic fibers such as 
polybutyl acrylate (refraction factor: 1.46), EVA fibers. PVB fibers, cellutosic fibers (refraction factor: 1.54), polypropyl- 
ene fibers (refraction factor: 1 .47), polyvinyl acetal fibers (refraction factor: 1 .48 - 1 .50), polyvinyl alcohol fibers (refrac- 
tion factor: 1.49- 1.53), polyurethane fibers (retraction factor: 1.50), poly(1,2-butadiene) fibers (retraction factor: 1.50), 
polyethylene fibers (refraction factor: 1.51), polyvinyl chloride fibers (retraction factor: 1.52), polyacrylonitrile fibers 

35 (retraction factor: 1.52), NBR fibers (retraction factor: 1.52), polyamide (6 nylon or 6,6 nylon) fibers (refraction factor: 
1.53). polystyrene fibers (retraction factor: 1.59), and polyester (polyethylene terephthalate) fibers (retraction factor: 
1 .63). These are selected according to the transparent adhesives. In addition, it may be not limited to organic fibers and 
transparent inorganic fibers such as glass may also be employed. 

[0074] The wire diameter of the transparent fibers is preferably in a range from 10 to 500 um from the viewpoint of 
40 maintenance of mesh configuration. 

[0075] The above description about the conductive composite mesh member will be applied to a conductive compos- 
ite mesh member 15 of the second aspect, a conductive composite mesh member 23 of the third aspect and a con- 
ductive composite mesh member 35 of the fourth aspect 

[0076] In the present invention, examples of adhesive resins of the transparent adhesive for bonding the transparent 
45 base plates 2A, 2B via the conductive composite mesh member 3, include copolymers of ethylene group, such as eth- 
ylene-vinyl acetate copolymer, ethylene-m ethyl acrylic copolymer, ethylene-(meth) acrylic copolymer, ethylene-ethyl 
(meth) acrylic copolymer, ethylene-methyl (meth) acrylic copolymer, metal ionic cross-linked ethylene-(meth) acrylic 
copolymer, partial saponified ethylene-vinyl acetate copolymer, calboxylated ethylene-vinyl acetate copolymer, ethyl- 
ene-(meth) acryiic-maleic anhydride copolymer, and ethylene-vinyl acetate-(meth) acrylate copolymer. It should be 
so noted that "(meth) acrylic" means "acrylic or methacrylic". Besides the above resins, polyvinyl butyral (PVB) resin, 
epoxy resin, acrylic resin, phenol resin, silicon resin, polyester resin, or urethane resin may also be employed. The best 
one among them is ethylene-vinyl acetate copolymer (EVA) because it can offer the best balance of performance and 
can be easily handled. In terms of the impact resistance, the perforation resistance, the adhesive property, and the 
transparency, PVB resin often used for laminated safety glasses for automobile is also preferable. 
55 [0077] rt is preferable that the PVB resin contains polyvinyl acetal between 70 and 95 % by unit weight and polyvinyl 
acetate between 1 and 15 % by unit weight, and has an average degree of polymerization between 200 and 3000, pref- 
erably 300 and 2500. The PVB resin is used as resin composition containing plasticizer. 

[0078] Examples of plasticizer in the PVB resin composition include organic plasticizers, such as monobasic acid 
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ester and polybasic acid ester, and phosphoric acid plasticizers. 

[0079] Preferable examples of such monobasic acid ester are ester as a result of reaction of organic acid, such as 
butyric acid, isobutyric acid, caproic acid, 2-ethylbutyric acid, heptoic acid, n-octyi acid, 2-ethylhexyi acid, pelargonic 
acid (n-nonyl acki), or decyl acid, and triethylene glycol and, more preferably, are tri ethyl ene-di-2-ethyttrthy rate, triethyt- 

5 ene glycol-di-2-ethylhexoate, triethylene glycol-di-caproate, and triethylene glycol-di-n-ocotoate. Ester of one of the 
above organic acids and tetraethylene glycol or tripropyiene glycol may be also employed. 
[0080] Preferable examples of plasticizers of polybasic acid ester group are ester of organic acid, such as acGpic acid, 
sebacic acid, or azelaic acid, and straight chain like or brunch like alcohol with from 4 to 8 carbon atoms and, more pref- 
erably, are dibutyi sebacate, dioctyl acetate, and dibutyi carbitol adipate. 

10 [0081 ] Examples of phosphoric acid plasticizers include tributoxyethyl phosphate, isodecyl phenyl phosphate, and tri- 
isopropyl phosphate. 

[0082] Insufficient plasticizer in the PVB resin composition reduces the film-forming property, while excessive plasti- 
cizer spoils the durability during high temperature. Therefore, the amount of plasticizer in the PVB resin composition is 
between 5 and 50 parts by weight, preferably between 10 and 40 parts by weight, per 100 parts by weight of polyvinyl 
is butyral resin. 

[0083] The PVB resin composition may further include, in small amounts, stabilizer, antioxidant, and/or ultraviolet 
absorbing agent 

[0084] The assembled unit of the transparent base plates 2A, 2B and the conductive composite mesh member 3 can 
be easily made by sandwiching the conductive composite mesh member 3 between two adhesive intermediate films 

20 4A, 4B, in which a predetermined amount of crosslinking agent for heat curing or photo-curing are mixed to the resin 
such as EVA, interposing them between the transparent base plates 2A and 2B, decompressing and deaerating them 
under the heated condition, and hardening the adhesive layer by heating or irradiation to integrate them. 
[0085] The thickness of the adhesive layer consisting of the conductive composite mesh member 3 and the adhesive 
resins can vary according to the application of the electromagnetic-wave shielding and light transmitting plate and is 

25 normally between 2 urn and 2 mm. Therefore, each adhesive intermediate film 4A, 4B is formed to have a thickness 
from 1 urn to 1 mm to make the adhesive layer having such a thickness. 

[0086] Hereinafter, the description will now be made as regard to the adhesive layer according to the present inven- 
tion, by means of an example using EVA as the adhesive resin. 

[0087] EVA in which the contents of vinyl acetate is between 5 and 50 % by weight, preferably between 15 and 40 % 
30 by weight, is employed. Less than 5 % by weight of vinyl acetate interferes with the weatherability and the transparency, 
while exceeding 40 % by weight of vinyl acetate significantly reduces mechanical characteristics, makes the film form- 
ing difficult, and produce a possibility of blocking between films. 

[0088] Suitably employed as the crosslinking agent when the EVA is crosslinked by heating is organic peroxide which 
is selected according to the temperature for sheet process, the temperature for crosslinking agent and the storage sta- 

35 bility. Examples of available peroxide includes 2,5-dimethylhexane-2,5-dihydro peroxide; 2,5-dimethyl-2,5-di (tert-butyl- 
peroxy)-hexane-3; di-tert-butyl peroxide; tert-butylcumyl peroxide; 2,5-dimethy1-2,5-di (tert-butyl-peraxy)-hexane; 
dicumyl peroxide; a. a'-bis (tert-butyl peroxy)-benzene; n-buthyl-4,4-bis (tert-butyl-peroxy) -valerate; 2,2-bis (tert-butyl- 
peroxy)-butane, 1,1 -bis (tert-butyl -peroxy)-cyclohexane; 1,1 -bis (tert-butyl-peroxy) -3,3, 5- trimethylcyclohexane; tert- 
butyl peroxy benzoate; benzoyl peroxide; tert-butyl peroxy acetate; 2,5-dimethyl-2,5-bis (tert-butyl -peroxy)-hexyne-3; 

40 1,1 -bis (tert-butyl-perQxy)-3,3,5-trimethylcyclohexane; 1 , 1 -bis (tert-butyl-peroxy)-cyclohexane ; methyl ethyl ketone per- 
oxide; 2,5-dimethylhexyl-2,5-bis-peroxy-benzoate; tert-butyl-hydroperoxide; p-menthane hydroperoxide; p-chlorbenzoyl 
peroxide; tert-butyl peroxyisobutyrate; hydroxyheptyl peroxide; and chlorohexanon peroxide. These are used alone or 
in mixed state, normally less than 10 parts by weight, preferably from 0.1 to 10 parts by weight per100 parts by weight 
of EVA. 

45 [0089] The organic peroxide is normally mixed to the EVA by an extruder or a roll mill or may be added to the EVA 
film by means of impregnation by dissolving the peroxide into organic solvent, plasticizer, or vinyl monomer. 
[0090] In order to improve the properties (such as mechanical strength, optical property, adhesive property, weather- 
ability, blushing resistance, and crosslinking speed) of the EVA, a compound containing one selected from acryloxy 
group or methacrylaxy group and one selected from allyl group may be added into the EVA. Such a compound used for 

so this purpose is usually acrylic acid or methacrylic acid derivative, for example, ester or amide thereof. Examples of ester 
residues include alkyl group such as methyl, ethyl, dodecyl, stearyl, and lauryl and, besides such alkyl group, cycloxy- 
hexyl group, tetrahydrofurfuryi group, aminoethyl group, 2-hydroethyl, 3-hydroxypropyl group, and 3-chloro-2-hydroxy- 
propyl group. Ester with polyfunctions alcohol such as ethylene glycol, triethylene glycol, polyethylene glycol, 
trimethyloipropane, or pentaerythrrtol may be also employed. The typical one of such amide is diacetone acrylamide. 

55 [0(31 ] More concretely, examples includes compounds containing polyfunctional ester such as acrylic ester or meth- 
acrylate such as trimethyloipropane, pentaerythrrtol and glycerin, or allyl group such as triallyl cyanurate, triailyl isocy- 
anurate. diallyl phthalate, diallyl isophthalate, and diallyl maleate. These are used alone or in the mixed state, normally 
from 0.1 to 2 parts by weight, preferably from 0.5 to 5 parts by weight perl 00 parts by weight of EVA. 
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[0092] When the EVA is crosslinked by light, photosensitizer is used instead of the above peroxide, normally less than 
10 parts by weight, preferably from 0.1 to 10 parts by weight peMOO parts by weight of EVA. 
[0093] in this case, examples of available photosensitizer include benzoin; benzophenone; benzoin methyl ether; ben- 
zoin ethyl ether; benzoin isopropyl ether; benzoin isobutyl ether; dibenzyl; 5- nitroaniline; hexachlorocyclopentadiene; 
5 p-nitrodiphenyl; p-nitroaniline; 2,4,6- trinitroaniline; 1,2- benzanthraquinone; and 3-methyl-1,3-diazo- 1,9-benzan- 
throne. These can be used either alone or in the mixed state. 

[0094] In this case, silane coupling agent is further used as adhesive accelerator. Examples of the silane coupling 
agent include vinyttriethoxysilane, vinyl -tris (p - methoxyethoxy) silane, rmethacrytoxypropyl trimethoxy silane, vinyl - 
triacetoxy silane. r^lycidoxypropyltrimetoxysilane, y-glycidaxypropyttrietoxysilane, p-(3,4-epoxycyclohexyI) ethyl tri- 
10 methoxy silane, y-chioropropyl methoxy silane, vinyltrichlorosilane, y-mercaptopropyl trimethoxy silane, 7-aminopropyl 
triethoxy silane, and N-(p-aminoethyl)-y-aminopropyl trimethoxy silane. 

[0095] These are used alone or in the mixed state, normally from 0.001 to 10 parts by weight, preferably from 0.001 
to 5 parts by weight perl 00 parts by weight of EVA. 

[0096] The adhesive intermediate films may further include, in small amounts, ultraviolet ray absorbing agent, infrared 
is ray absorbing agent, antioxidant, and/or paint processing aid. For adjusting the color of the filter itself, the adhesive 
intermediate films may further include coloring agent such as dye and pigment, and/or filler such as carbon black, 
hydrophobic silica, and calcium carbonate. 

[0097] It is also effective that the intermediate adhesive layers in sheet condition are surfaced by corona discharge 
process, low temperature plasma process, electron beam irradiation process, or ultraviolet irradiation process as meas- 

20 ures of improving the adhesive property. 

[0098] The intermediate adhesive layers according to the present invention can be manufactured for example, by first 
mixing the adhesive resin and the additives listed above, kneading them by an extruder or a roll, and after that, forming 
in a predetermined configuration by means of a film forming method such as calendering, rolling, T-die extrusion, or 
inflation. During the film formation, embossing is provided for preventing the blocking between sheets and facilitating 

25 the deaerating during compressed onto the transparent base plate. 

[0099] The above description about the adhesive resin will be applied to adhesive resin films 13A, 13B, 13C of the 
second aspect, adhesive intermediate films 24A, 24B, 24C of the third aspect, and adhesive resin films 33A, 33B, 33C 
of the fourth aspect. 

[0100] As shown in Fig. 1 , in the electromagnetic-wave shielding and light transmitting plate of this embodiment, the 
30 periphery of the conductive composite mesh member 3 positioned outside of the assembled unit of the transparent 
base plates 2A, 2B and the conductive composite mesh member 3 is folded along the peripheral edges of the transpar- 
ent base plate 2A and is bonded on the transparent base plate by the conductive adhesive tape 7. 
[01 01] The conductive adhesive tape 7 is formed, for example, by laying a conductive adhesive layer 7B on one sur- 
face of a metallic foil 7A. The metallic foil 7A for the conductive adhesive tape 7 may have a thickness of 1 to 100 urn 
35 and may be made of metal such as copper, silver, nickel, aluminum, or stainless steel. 

[0102] The conductive adhesive layer 7B is formed by applying adhesive material, in which conductive particles are 
dispersed, onto one surface of the metallic foil 7A. 

[01 03] Examples of the adhesive material include epoxy or phenolic resin containing hardener, acrylic adhesive com- 
pound, rubber adhesive compound, silicone adhesive compound and the like. 

40 [0104] Conductive materials of any type having good electrical continuities may be employed as the conductive par- 
ticles to be dispersed in the adhesive. Examples include metallic powder of, for example, copper, silver, and nickel, 
metallic oxide powder of, for example, tin oxide, tin indium oxide, and zinic oxide, and resin or ceramic powder coated 
with such a metal or metallic oxide as mentioned above. There is no specific limitation on its configuration so that the 
particles may have any configuration such as palea-like, dendritic, granular, pellet-like, spherical, stellar, or confetto-like 

45 (spherical with many projections) configuration. 

[0105] The content of the conductive particles is preferably 0.1-15 % by volume relative to the adhesive and the aver- 
age particle size is preferably 0.1-100 fim. 

[01 06] The thickness of the adhesive layer 7B is in a range from 5 to 100 ^m in a normal case. 

[01 07] The above description about the conductive adhesive tape will be applied to a conductive adhesive tape 27 of 

so the third aspect, which will be described later. 

[0108] In the electromagnetic-wave shielding and light transmitting plate shown in Fig. 1 , the conductive composite 
mesh member 3 is formed to have an area larger than that of the transparent base plates 2A, 2B so that the periphery 
thereof is positioned outside of peripheral edges of transparent base plates so as to form margins when it is interposed 
therebetween. The conductive composite mesh member 3 is preferably formed in such a size that the margins of the 

55 conductive composite mesh member 3 are folded to cover parts of the surface of the transparent base plate 2A and the 
width of the portion covering the parts is in a range from 3 to 20 mm. 

[0109] After the transparent base plates 2A, 2B and the conductive mesh member 3 are integrated, the margins of 
the conductive composite mesh member 3 are folded, and the conductive adhesive tape 7 is wound onto the periphery 
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of the assembled unit to fix the margins onto the surface and is bonded according to a hardening method, such as 
thermo compression bonding, suitable for the employed conductive adhesive tape 7. 

[01 1 0] The electromagnetic-wave shielding and light transmitting plate 1 onto which the conductive adhesive tape 7 
is bonded can be simply and easily built in the body of the equipment only by fitting it in the body of the equipment and 
5 can provide uniform conduction along the peripheral direction between the conductive composite mesh member 3 and 
the body of the equipment through the conductive adhesive tape 7, thereby exhibiting good electromagnetic-wave 
shielding efficiency. 

[0111] ft should be noted that the electromagnetic-wave shielding and light transmitting plate 1 shown in Fig. 1 is an 
example of the electromagnetic-wave shielding and light transmitting plates of the first aspect, so the first aspect is not 

10 limited to the illustrative example. 

[01 1 2] For example, while the conductive composite mesh member 3 is formed such that periphery thereof is posi- 
tioned outside of the peripheral edges of the transparent base plates 2A, 2B and is folded in the above description, the 
conductive composite mesh member 3 may be formed such that only two opposite sides thereof are positioned outside 
of the edges of the transparent base plates 2A, 2B and are folded. 

is [01 1 3] The electromagnetic-wave shielding and light transmitting plate of the first aspect as mentioned above can be 
effectively used as a front filter of PDP and a window of a place where a precision apparatus is installed, such as a hos- 
pital or a laboratory. 

[0114] Hereinafter, the first aspect will be described more concretely by means of examples, comparative examples, 
and reference examples. 

20 [0115] Adhesive intermediate films used in Examples, Comparative Example, Reference Example were made in a 
manner described below. 

[Preparation of Adhesive intermediate films] 

25 [01 1 6] Each adhesive intermediate film was made in such a way that 1 part by weight of 1,1 -bis (tert-butyl-peroxy) - 
3,3,5-trimethylcyclohexane (Perhexa 3M available from NOF Corporation), 0.1 part by weight of y-methacryloxypropyl 
trimethoxy silane, 2 parts by weight of diallyl phthalate, and 0.5 part by weight of Sumisolve 130 (available from Sumi- 
tomo Chemical Company, Limited.) as ultraviolet absorbing agent were added into and mixed with 100 parts by weight 
of ethylene-vinyl acetate copolymer (Ultrasen 634 available from Tosoh Corporation: 26 % content of vinyl acetate, Melt 

30 index 4) and the resultant mixture was extruded by a 40 mm extruder so that an adhesive intermediate film having a 
thickness of 500 urn with the both surfaces being embossed was provided. 

Examples 1 through 3, Comparative Example 1, Reference Example 1 

35 [01 1 7] Used as the front transparent base plate 2A was a float glass plate having a thickness of 2 mm and used as 
the rear transparent base plate 2B was a glass plate having a thickness of 2 mm of which periphery is painted with 
black. A conductive composite mesh member or conductive mesh member specified in Table 1 was sandwiched by two 
adhesive intermediate films to first form a pre-assembled unit. The pre-assembled unit was then interposed between 
the base plates 2A and 2B to form an assembled unit. The assembled unit was entered into a rubber bag. The rubber 

40 bag containing the assembled unit therein was then vacuumed to be deaerated and pre-compressed under the temper- 
ature at 90 °C for 10 minutes. After that, the object thus pre-compressed was entered into an oven and heated at 150 
°C for 1 5 minutes so that it is crosslinked and hardened to be integrated. Further, the margins of the conductive com- 
posite mesh member were folded and fixed by a conductive adhesive tape. Several plates were made in the same man- 
ner as described above. 

45 [0118] The resultant plates were measured for the respective electromagnetic-wave shielding effect at 300 MHz, its 
light transmittance, and its visibility in the following manner. The results are tabulated in Table 1 . 

[Electromagnetic-wave shielding effect] 

50 [0119] The attenuance of field of each sample was measured using EMI shield measuring equipment (MA8602B) 
available from Anritsu Corporation in conformity with KEC measurement (Kansai Electronic Industrial Promotion 
Center). The size of each sample was 90 mm x 1 10 mm. 

[Light transmittance (%)] 

55 

[0120] The average light transmittance in a range between 380nm and 780 nm was measured using a visible ultravi- 
olet spectrophotometer (U-4000) available from Hitachi Ltd. 
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[Visibility] 



[01 21 ] Each resultant plate was mounted on a display and it was then observed by the human eye whether interfer- 
ence fringe appeared and whether Irregularity is present in images on the display. 
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[0122] From Table 1 , it can be found that the electromagnetic-wave shielding light transmitting plate of the first aspect 
has excellent light transmittance without moire phenomenon and irregularity in images. 

[0123] As mentioned above, the electromagnetic-wave shielding light transmitting plate of the first aspect has excel- 
lent electromagnetic-wave shielding efficiency and light transmittance and further has a function of reducing the moire 
5 phenomenon produced by the interference of light with the display. Further, since the conductive composite mesh mem- 
ber is strongly bonded between transparent base plates by transparent adhesive, the transparent base plates do not 
scatter when receiving an impact so that the plate provides excellent safety and therefore is industrially useful, for 
example, as an electromagnetic-wave shielding filter for a PDP. 

[0124] With reference to Figs. 3a, 3b, the electromagnetic-wave shielding and light transmitting plate of the second 
10 aspect will now be described later. 

[0125] Fig. 3a is a schematic sectional view showing an embodiment of the electromagnetic-wave shielding and light 
transmitting plate according to the second aspect of the present invention, and Fig. 3b is a plan view showing a trans- 
parent conductive film on which cross-linkable conductive adhesive tape is applied. 

[0126] The electromagnetic-wave shielding and light transmitting plate 1 1 comprises a transparent base plate (first 
is transparent base plate) 12 A, a transparent base plate (second transparent base plate) 12B, a transparent conductive 
film 14 is bonded to one surface of the transparent base plate 12B by a adhesive resin film 13C, and a conductive com- 
posite mesh member 15 interposed between the transparent base plates 12A, 12B. These are integrally bonded 
together by adhesive resin films 13A, 13B to form an assembled unit. First cross-linkable conductive adhesive tapes 
1 7A are bonded from four side edges of the transparent conductive film 14 to peripheral edges of the other surface of 
20 the transparent base plate 12B, respectively. In the second aspect, the margins of the conductive composite mesh 
member 15 positioned outside of the peripheral edges of the transparent base plates 12A, 12B are folded along the 
peripheral edges of the transparent base plate 12B where the cross-linkable conductive adhesive tapes 17A are 
attached. Further, a second conductive adhesive tape 17B is further bonded to all around ends of the assembled unit 
of the transparent base plates 1 2 A, 1 2B, a conductive composite mesh member 1 5, and the transparent conductive film 
25 1 4 in such a manner as to cover corners between surfaces and the end faces so that the conductive adhesive tape 1 7B 
is bonded to outside edges of both transparent base plates 12A, 12B. 

[0127] The cross-linkable conductive tapes 17A, 17B used in the present invention preferably comprises a metallic 
foil 1 7a and an adhesive layer 1 7b, in which conductive particles are dispersed, disposed on one surface of the metallic 
foil 1 7a, wherein the adhesive layer 1 7b is a post-cross-linkable adhesive layer including polymer, of which the principal 

30 component is ethylene-vinyl acetate copolymer, and cross-linking agent for the ethylene-vinyl acetate copolymer. 
[0128] Conductive materials of any type having good electrical continuities may be employed as the conductive par- 
ticles to be dispersed in the adhesive layer 17b. Examples include metallic powder of, for example, copper, silver, and 
nickel, metallic oxide powder of, for example, tin oxide, tin indium oxide, and zinic oxide, and resin or ceramic powder 
coated with such a metal or metallic oxide as mentioned above. There is no specific limitation on its configuration so 

35 that the particles may have any configuration such as palea-like, dendritic, granular, or pellet-like configuration. 

[0129] The content of the conductive particles is preferably 0.1-15 % by volume relative to the polymer, described 
later, forming the adhesive layer 17b and the average particle size is preferably 0.1 -100 urn. Such limitation on the con- 
tent and the particle size prevents condensation of the conductive particles, thereby providing good current conduction. 
[01 30] The polymer forming the adhesive layer 1 7b preferably contains, as the principal component thereof, ethytene- 

40 vinyl acetate copolymer selected from the following (I) through (III) and has melt index (MFR) from 1 to 3000, preferably 
from 1 to 1000, and more preferably from 1 to 800. 

[0131] Use of the following copolymers (I) through (III), of which MFR is in a range from 1 to 3000 and of which vinyl 
acetate content is in a range from 2 to 80 % by weight, improves tackiness before cross-linking to improve the working 
efficiency and rises the three-dimensional cross-linking density after cross-linking, thereby exhibiting quite high bond 
45 strength and also improving the moisture and heat resistance: 

(I) ethylene-vinyl acetate copolymer of which vinyl acetate content is in a range from 20 to 80 % by weight; 

(II) copolymer of ethylene, vinyl acetate, acrylate and/or methacrylate monomer, of which vinyl acetate content is 
in a range from 20 to 80 % by weight and of which acrylate and/or methacrylate monomer content is in a range 

so from 0.01 to 10% by weight; and 

(III) copolymer ethylene, vinyl acetate, maleic acid and/or maleic anhydride, of which vinyl acetate content is in a 
range from 20 to 80 % by weight, and of which maleic acid and/or maleic anhydride content is in a range from 0.01 
to 10% by weight 

55 [0132] In the ethylene-vinyl acetate copolymers of (I) through (I II), the content of the vinyl acetate is in a range from 
20 to 80 % by weight, preferably from 20 to 60% by weight. Less than 20 % by weight of vinyl acetate interferes with the 
exhibition of sufficient cross-linking in case of cross-linkage at high temperature, while more than 80 % by weight 
decreases the softening temperature of resin in case of the ethylene-vinyl acetate copolymers of (I), (II). thereby making 
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the storage difficult that is a problem in practical use, and tends to decrease the bond strength and the durability in case 
of the ethylene-vinyl acetate copolymer of (III). 

[0133] In the copolymer of ethylene, vinyl acetate, acrytate and/or methacrylate monomer of (II), the content of the 
acrylate and/or methacrylate monomer is in a range from 0.01 to 10% by weight, preferably from 0.05 to 5 % by weight. 

5 Less than 0.01% by weight of the monomer decreases the improvement of the bond strength, while more than 10 % by 
weight tends to affect the workability. Examples of the acrytate and/or methacrylate monomer include monomers cho- 
sen from a group of acrylic ester and/or methacrylate ester monomers. Preferably employed as such a monomer is 
ester of acrylic acid or methacrylic acid and substituted aliphatic alcohol having non-substituting group or substituting 
group, such as epoxy group, including carbon atoms 1 through 20, particularly, 1 through 18. Examples include methyl 

10 acrylate, methyl methacrylate. ethyl acrylate, and glycidyl methacrylate. 

[0134] In the copolymer ethylene, vinyl acetate, maleic acid and/or maleic anhydride of (III), the content of the maleic 
acid and/or maleic anhydride is in a range from 0.01 to 10 % by weight, preferably from 0.05 to 5 % by weight. Less than 
0.0 1 % by weight of the content decreases the improvement of the bond strength, while more than 1 0 % by weight tends 
to affect the workability. 

is [01 35] The polymer according to the present invention contains more than 40 % by weight, particularly more than 60 
% by weight, of the ethylene-vinyl acetate copolymer of (I) through (III) and preferably consists of the ethylene-vinyl ace- 
tate copolymer of (I) through (III) without other component. When the polymer contains polymer besides the ethylene- 
vinyl acetate copolymer, the polymer besides the ethylene-vinyl acetate copolymer may be olefin polymer of which 
backbone contains more than 20 mole % of ethylene and/or propylene, polyvinyl chloride, acetal resin, or the like. 

20 [01 36] The crosslinking agent for the aforementioned polymer may be organic peroxide as crosslinking agent for heat 
curing to form a thermosetting adhesive layer or may be photosensitizer as crosslinking agent for photo-curing to form 
a photo-curing adhesive layer. 

[01 37] Such organic peroxide may be any organic peroxide that can be decomposed at a temperature above 70 °C 
to generate radical, preferably organic peroxide of which decomposition temperature during half -life period of 10 hours 

25 is higher than 50 °C, and should be selected according to the temperature for applying adhesive material, the prepara- 
tion condition, the storage stability, the temperature for curing (bonding), and the heat resistance of the adherend. 
[0138] Examples of available peroxide includes 2,5-dimethylhexane-2,5*dihydro peroxide; 2,5-dimethyl-2,5-di (tert- 
butyl-peroxy)-hexane-3; di-tert-butyl peroxide; tert-butylcumyl peroxide; 2 § 5-dimethyi-2,5-di (tert-butyl-peroxy)-hexane; 
dicumyl peroxide; a,a-bis(tert-butyl peroxy)-benzene; n-buthyl-4,4-bis (tert-butyl-peroxy)-valerate; 1,1 -bis (tert-butyl- 

30 peroxy)-cyclohexane; 1 , 1 -bis (tert-butyl-peroxy)-3.3 ( 5-trimethylcyclohexane; tert-butyl peroxy benzoate; benzoyl perox- 
ide; tert-butyl peroxy acetate; methyl ethyl ketone peroxide; 2,5-dimethylhexyl-2,5-bis-peroxy-benzoate; butyl hydroper- 
oxide; p-menthane hydroperoxide; p-chlorbenzoyl peroxide; hydroxyheptyl peroxide; chtorhexanon peroxide; octanoyl 
peroxide; decanoyl peroxide; lauroyt peroxide; cumyl peroxy octoate; succinic acid peroxide; acetyl peroxide; tert-butyl- 
peroxy (2-ethylhexanoate); m-toluoyl peroxide; tert-butyl-peroxyisobutyrate; and 2,4-dichlorobenzoyl peroxide. These 

35 are used alone or in mixed state, normally from 0. 1 to 1 0 % by weight relative to the aforementioned polymer. 

[0139] On the other hand, suitably employed as such photosensitizer (photopolymerization initiator) is radical pho- 
topolymerization initiator. Available hydrogen-drawn type initiators among radical photopolymerization initiators include 
benzophenone; methyl o-benzoytbenzoate; 4-benzoyM , -methyl diphenyl sulfide; isopropyfthioxanthone; diethylthioxan- 
thone; and 4-{diethylamino) ethyl benzoate. Among radical photopolymerization initiators, intramolecular cleavage type 

40 initiators include benzoin ether, benzoin propyl ether, and benzyldimethl ketal, a-hydroxyalkyphenon type initiators 
include 2-hydroxy-2-methyl-1-phenylpropane-1-on, 1-hydroxycyclohexyl phenyl ketone, aikyl phenyl glyoxylate, and 
diethoxy acetophenone, a-amino-alkylphenone type initiators include 2-methyl-1-[4-(methylthio) phenyfj-2-morpholino 
propane-1, and 2-benzyl-2-dimethylamino-1-(4-morpholino phenyl) butanone-1, and acylphosphine oxide may be 
employed. These are used alone or in mixed state, normally from 0.1 to 10 % by weight relative to the aforementioned 

45 polymer. 

[0140] The adhesive layer according to the present invention preferably includes silane coupling agent as adhesive 
accelerator. Examples of the silane coupling agent include vinyltriethoxysilane, vinyMris (p-methoxyethoxy) silane, y- 
methacryloxypropyl trimethoxy silane, vinyltriacetoxy silane, rfllycidoxypropyltrimetoxysilane, y^lycictaxypropyltrietox- 
ysilane, p-(3,4-epoxycyclohexyl) ethyl trimethoxy silane, vinyltrichlorosilane, y-mercaptopropyl trimethoxy silane, y-ami- 
so nopropyl triethoxy silane, and N-(p-aminoethyl)-yaminopropyl trimethoxy silane. These are used alone or in the mixed 
state, normally from 0.01 to 5 % by weight relative to the aforementioned polymer. 

[0141 ] The adhesive accelerator may contain epoxy group containing compound. Examples of epoxy group contain- 
ing compound include triglycidyl tris(2-hydroxy ethyl) isocyanurate, neopentyl glycol diglycdyl ether, 1,6-hexane diol 
diglycidyl ether, alyl glycidyl ether, 2-ethyl hexyl glycidyl ether, phenyl glycidyl ether, phenol (EO) 5 glycidyl ether, p-tert- 
55 butyl phenyl glycidyl ether, diglycidylester adipate, diglycidylester phthaJate, glycidyl methacrylate, and butyl glycidyl 
ether. The same effect can be obtained by alloying polymer containing epoxy group. These epoxy group containing 
compounds are used alone or in the mixed state, normally from 0.1 to 20 % by weight relative to the aforementioned 
polymer. 
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[0142] In order to improve the properties (such as mechanical strength, adhesive property, optical property, heat 
resistance, moisture resistance, weatherabilrty, and crosslinking speed) of the adhesive layer, a compound containing 
one selected from acrytoxy group or methacryloxy group and one selected from ally! group may be added into the adhe- 
sive layer. 

5 [0143] Such a compound used for this purpose is usually acrylic acid or methacrytic acid derivative, for example, ester 
or amide thereof. Examples of ester residues include alkyl group such as methyl, ethyl, dodecyl. stearyl, and lauryl and, 
besides such alkyl group, cycloxyhexyt group, tetrahydrofurfuryl group, aminoethyl group, 2-hydroethyl, 3-hydroxypropyl 
group, and 3-chloro-2-hydroxypropyl group. Ester with polyfunctional alcohol such as ethylene glycol, triethylene glycol, 
polypropylene glycol, polyethylene glycol, trimethylolpropane, or pentaerythrrtol may be also employed. The typical one 

10 of such amide is diacetone acrylamide. Examples of polyfunctional crosslinking aid include acrylic ester or methacr- 
ylate ester such as trimethylolpropane, pentaerythritol, glycerin, and compounds having ailyl group such as triallyl cya- 
nurate, triallyl isocyanurate, diailyl phthalate, diallyl isophthatate, and diallyl maleate. These are used alone or in the 
mixed state, normally from 0.1 to 50 % by weight, preferably from 0.5 to 30 % by weight relative to the aforementioned 
polymer. More than 50 % by weight of the content sometimes affects the working efficiency during preparation and the 

is applying efficiency of the adhesive material. 

[0144] In order to improve the workability and the ply adhesion of the adhesive layer, hydrocarbon resin may be added 
into the adhesive layer. Such hydrocarbon resin to be added for this purpose may be either natural resin or synthetic 
resin. Examples suitably employed as natural resin are rosin, rosin derivative, and terpens resin. Employed as rosin 
may be gum rosin, tall oil rosin, or wood rosin. Employed as rosin derivative is rosin which has been hydrogenated, dis- 

20 proportioned, polymerized, esterifyed, or metallic chlorinated. Employed as terpene resin may be terpens resin, such 
as a-pinene and p-pinene (nopinene), or terpene phenol resin. Besides the above natural resin, dammar, copal, or shel- 
lac may be employed. Examples suitably employed as synthetic resin are petroleum resin, phenolic resin, and xylene 
resin. Employed as petroleum resin may be aliphatic petroleum resin, aromatic petroleum resin, cycloaliphaticb petro- 
leum resin, copolymer petroleum resin, hydrogenated petroleum resin, pure monomer petroleum resin, or coumarone- 

25 indene resin. Employed as phenolic resin may be alkylphenolic resin or modified phenolic resin. Employed as xylene 
resin may be xylene resin or modified xylene resin. The content of the hydrocarbon resin should be suitably selected, 
preferably from 1 to 200 % weight, more preferably from 5 to 150 % weight relative to the polymer. 
[0145] The adhesive layer may further include antioxidant, ultraviolet absorbing agent, dye, and/or processing aid in 
such an amount not to affect the object of the present invention. 

30 [0146] Examples of metal of the metallic foil 1 7a as the base of the cross-linkable conductive adhesive tapes 1 7A, 
17B of the second aspect include copper, silver, nickel, aluminum, or stainless steel. The thickness of the metallic foil a 
is normally in a range from 1 to 100 pm. 

[0147] The adhesive layer 17b is made of mixture in which the ethyl en e-vinyl acetate copolymer, cross-linking agent, 
other additives if necessary, and conductive particles are mixed uniformly in a predetermined ratio, and can be easily 
35 formed by applying the mixture onto the metallic foil 1 7a using a roll coater. a die coater a knife coater, a micabar coater, 
a flow coater, a spray coater or the like. The thickness of the adhesive layer 1 7b is normally in a range from 5 to 100 pm. 
[0148] Use of the conductive adhesive tape of cross-linked type, in particular, having a post-cross-linkable adhesive 
layer containing ethylene-vinyl acetate copolymer and cross-linking agent for the ethyl ene-vinyt acetate copolymer ena- 
bles effective assemblage because of the following characteristics: 

40 

(i) good adhesion properties, thereby allowing easy temporal adhesion to an adherend with suitable tack; 

(ii) suitable tackiness before cross-linking, i.e. enough for the temporal adhesion but not so strong as to allow re- 
adhesion, thereby facilitate the amendment; 

(iii) very strong tackiness after cross-linking, thereby exhibiting high bond strength; 
45 (iv) high moisture and heat resistance, thereby exhibiting high durability; and 

(v) cross-linkable at a temperature lower than 130 °C in case of thermal cross-linking and cross-linkable even with 
light. The cross linking can be conducted at a relatively low temperature, thereby facilitating the adhesion operation. 

[0149] The above description about the cross-linkable conductive adhesive tape will be applied to cross-linkable 

so adhesive tapes 37A, 37B of the fourth aspect, which will be described later. 

[01 50] In the second aspect, used as the transparent base plates 1 2 A, 1 2B may be plates made of the same material 
and having the same thickness as the transparent base plates 2A, 2B of the first aspect. The same description may be 
applied to this aspect with regard to black painting 16 painted on the periphery of the transparent base plate 12B, an 
antiref lection film 18 applied on the transparent base plate 12A at the front side, and, in addition, high functional finish 

55 such as soil resistant finish to be applied on the antiref lection film 18. hard coating and heat ray reflection to be proc- 
essed on the transparent base plates 12 A, 12B. 

[01 51 ] The transparent conductive film 1 4 to be bonded to between the transparent base plates 1 2B may be a resin 
film in which conductive particles are dispersed. The conductive particles may be any particles having conductivity and 
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the following are examples of such conductive particles. 

(i) carbon particles or powder; 

(ii) particles or powder of metal such as nickel, indium, chromium, gold, vanadium, tin, cadmium, silver, platinum, 
5 aluminum, copper, titanium, cobalt, or lead, alloy thereof, or conductive oxide thereof and 

(iii) particles made of plastic such as polystyrene and polyethylene, which are surfaced with coating layer of a con- 
ductive material from the above (i) and (ii). 

[0152] Because the conductive particles of large particle diameter affect the light transparency and the thickness of 
10 the transparent conductive film 14, it is preferable that the particle diameter is 0.5 mm or less. The preferable particle 
diameter of the conductive particles is between 0.01 and 0.5 mm. 

[01 53] The high mixing ratio of the conductive particles in the transparent conductive film 1 4 spoils the light transpar- 
ency, while the low mixing ratio makes the electromagnetic-wave shielding efficiency short. The mixing ratio of the con- 
ductive particles is therefore preferably between 0.1 and 50 % by weight, particularly between 0.1 and 20 % by weight 
15 and more particularly between 0.5 and 20 % by weight, relative to the resin of the transparent conductive film 1 4. 
[0154] The color and the luster of the conductive particles can be suitably selected according to the application. In a 
case of a display fitter, conductive particles having a dark color such as black or brown and dull surfaces are preferable. 
In this case, the conductive particles can suitably adjust the light transmittance of the filter so as to make the display 
easy-to-see. 

20 [0155] Such a transparent conductive layer on the base film may be made of tin indium oxide, zinc aluminum oxide, 
or the like by one of methods including vacuum evaporation, sputtering, ion plating, and CVD (chemical vapor deposit). 
In this case, when the thickness of the transparent conductive layer is less than 0.01 urn, sufficient electromagnetic- 
wave shielding efficiency can not be obtained, because the thickness of the conductive layer for the electromagnetic- 
wave shielding is too thin, and when exceeding 5 um, light transparency may be spoiled. 

25 [0156] Examples of matrix resin of the transparent conductive film include polyester, polyethylene terephthalate 
(PET), polybutylene terephthalate, polymethy! methacryiate (PMMA), acrylic board, polycarbonate (PC), polystyrene, 
triacetate film, polyvinyl alcohol, polyvinyl chloride, polyvinyl id ene chloride, polyethylene, ethyl ene-vinyl acetate copol- 
ymer, polyvinylbutyral, metal ionic cross-linked ethyl ene-methacrylic copolymer, pdyurethane, and cellophane. Prefer- 
ably selected from the above resins are PET, PC, and PMMA. 

30 [0157] The thickness of the transparent conductive film 14 is suitably determined in accordance with requirements 
due to the application of the electromagnetic-wave shielding and light transmitting plate and are normally in a range 
from 1 urn to 5 mm. The thickness less than 0.01 um is too thin for the conductive layer for electromagnetic-wave shield- 
ing so as not to provide sufficient electromagnetic-wave shielding efficiency, while the thickness exceeding 5 um may 
spoil the light transparency. 

35 [01 58] The above description about the transparent conductive film may be applied to a transparent conductive film 
25 of the third aspect and a transparent conductive film 34 of the fourth aspect, which will be described later. 
[01 59] In the second aspect, as the conductive composite mesh member 1 5 to be interposed between the transparent 
base plates 12A, 12B, a conductive composite mesh member in which metallic fibers and/or metal-coated organic fib- 
ers, of which wire diameter is 200 um or less, and transparent fibers are woven, may be employed. For example, a con- 

40 ductive composite mesh member having the arrangement of fibers described above with reference to Fig. 2 may be 
employed. 

[0160] In the second aspect, as adhesive resin of the adhesive resin films 13A, 13B, 13C bonding the transparent 
base plates 12 A, 12B, the conductive composite mesh member 15, and the transparent conductive film 14, the same 
adhesive resin of the first aspect mentioned above may be employed. 

45 [0161] The thickness of the pre-assembled body formed by the conductive composite mesh member 15, the trans- 
parent conductive film 14, and the adhesive resin can vary according to the application of the electromagnetic-wave 
shielding and light transmitting plate and is normally in a range from 2 um to 2 mm. Accordingly, the adhesive resin films 
13 A, 13B, 13C are formed to have such a thickness as to make adhesive layers having such a thickness. 
[0162] To make the electromagnetic-wave shielding and light transmitting plate 1 1 shown in Figs. 3a, 3b, the trans- 

50 parent base plate 12A on which antireflection layer 18 is formed, the transparent base plate 12B provided with black 
border 1 6 painted on the periphery thereof, the transparent conductive film 14, the conductive composite mesh member 
1 5, the adhesive resin films 1 3 A, 1 3B, 1 3C, and the cross-linkable conductive adhesive tapes 1 7A, 1 7B are prepared. 
The cross-linkable conductive adhesive tapes 1 7A are attached on the periphery of the transparent conductive film 14, 
compressed under the heated condition, and crosslinked by for example a heat sealer so as to have conduction 

55 between the film and the cross-linkable conductive adhesive tapes 1 7 A. Then, the transparent base plate 12B is laid on 
the transparent conductive film 1 4 through the adhesive resin film 1 3 C. After that, the adhesive resin films 1 3 A, 1 3B with 
the conductive composite mesh member 15 sandwiched therebetween are interposed between the transparent base 
plate 12A and the transparent base plate 12B, compressed under the hardened condition of the adhesive resin films 
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13A through 13C, and heated or irradiated to integrate them. The margins of the conductive composite mesh member 
1 5 are folded and the conductive adhesive tape 1 7B is further bonded to outside edges of both transparent base plates 
12A, 12B. 

[01 63] The cross-linkable conductive adhesive tapes 1 7A. 1 7B are bonded to an adhere nd by tackiness of the ad he- 
5 sive layer 17b thereof (this temporal adhesion allow re-adhesion, if necessary) and then heated or radiated with ultra- 
violet with some pressures, if necessary. In case of ultraviolet radiation, heating may be also performed. The cross- 
linkable conductive tapes may be partially bonded by partially heating or radiating ultraviolet. 
[0164] The thermo compression bonding can be easily conducted by a normal heat sealer. As one of compression 
and heating methods, a method may be employed that the integrated member bonded with the cross-linkable conduc- 
ts tive adhesion tape is inserted into a vacuum bag which is then vacuumed and after that is heated. Therefore, the bond- 
ing operation is quite easy. 

[01 65] The bonding condition in case of thermal cross-linking depends on the type of crosslinking agent (organic per- 
oxide) to be employed. The cross-linking is conducted normally at a temperature from 70 to 150 °C, preferably from 70 
to 130 °C and normally for 10 seconds to 120 minutes, preferably 20 seconds to 60 minutes. 

15 [0166] In case of optical cross-linking, many light sources emitting in a ultraviolet to visible range may be employed. 
Examples include an extra-high pressure, high pressure, or low pressure mercury lamp, a chemical lamp, a xenon lamp, 
a halogen lamp, a Mercury halogen lamp, a carbon arc lamp, an incandescent lamp, and a laser radiation. The period 
of radiation is not limited because ft depends on the type of lamp and the strength of the light source, but normally in a 
range from dozens of seconds to dozens of minutes. In order to aid the cross-linking, ultraviolet may be radiated after 

20 previously heating to 40-120 °C. 

[0167] The pressure for bonding should be suitably selected and is preferably 5-50 kg/cm 2 , particularly 10-30 kg/cm 2 . 
[0168] The width (designated by W in Fig. 3b) of adhering portions of the cross-linkable conductive adhesive tapes 
1 7A at the edges of the transparent conductive film 14 depends on the area of the electromagnetic-wave shielding and 
light transmitting plate 1 1 and usually in a range from 3 to 20 mm. 

25 [01 69] As mentioned above, the electromagnetic-wave shielding and light transmitting plate 1 1 with the cross-linkable 
conductive adhesive tapes 17A, 17B can be quite easily built in a body of equipment only by fitting into the body and 
can provide uniform and good current conduction between the transparent conductive film 1 4 and the conductive com- 
posite mesh member 15 and the body of equipment through the cross-linkable conductive adhesive tapes 1 7A, 1 7B on 
four sides of the plate, thereby exhibiting high electromagnetic-wave shielding efficiency. 

30 [0170] The electromagnetic-wave shielding and light transmitting plate shown in Figs. 3a, 3b is only one of examples 
of the electromagnetic-wave shielding and light transmitting plate of the second aspect so that the second aspect is not 
limited thereto. For example, the cross-linkable conductive adhesive tapes 17A is bonded to four side edges of the 
transparent conductive film 14 in the illustrative embodiment, but may be bonded to only two side edges opposite to 
each other. And also, for example, while the four side edges the conductive composite mesh member 1 5 are positioned 

35 out of the transparent base plates 12A, 12B and folded back in the illustrative embodiment, only two side edges oppo- 
site to each other may be positioned out of the transparent base plate and folded back. It should be understood that the 
bonding or positioning out on four-side edges is better in view of uniform current conduction. 
[0171 ] In addition, the electromagnetic-wave shielding and light transmitting plate of the second aspect is not limited 
to that bonding the transparent base plate and a transparent conductive film with adhesive resin film as shown in Figs. 

40 3a, 3b. The electromagnetic-wave shielding and light transmitting plate may be formed by using the transparent base 
plate on which a transparent conductive film is directly formed. In this case, formed on the transparent plate is a trans- 
parent conductive film as follows: 

(1) a metallic film formed in a lattice or punching metal-like arrangement on the plate surface of the transparent 
45 base plate by pattern etching, comprising steps of coating with photo-resist, exposing a pattern, and developing the 

pattern. 

(2) a printing film formed in a lattice or punching metal-like arrangement on the plate surface of the transparent 
base plate by printing a pattern with conductive ink. 

so [0172] In the electromagnetic-wave shielding and light transmitting plate of the second aspect, metallic foil which is 
formed in lattice or punching metal-like arrangement by pattern etching may be used in place of the transparent con- 
ductive film of the electromagnetic-wave shielding and light transmitting plate shown in Figs. 3a, 3b. Also in this case, 
the metallic foil is easy to tear at the folded portion. Without folding the metallic foil, current conduction can be easily 
provided. 

55 [0173] The electromagnetic-wave shielding and light transmitting plate of the second aspect as mentioned above is 
quite suitable for a front filter of PDP and a window of a place where a precision apparatus is installed, such as a hos- 
pital or a laboratory. 

[0174] As mentioned above, the electromagnetic-wave shielding and light transmitting plate of the second aspect can 
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be easily assembled and easily built in a body of equipment as an object of installation and can provide uniform and 
low-resistant conduction relative to the body of equipment, thereby exhibiting high electromagnetic-wave shielding effi- 
ciency. 

[0175] According to the second aspect, the combination of the transparent conductive film and the conductive com- 
5 posrte mesh member enables the electromagnetic-wave shielding and light transmitting plate to have excellent electro- 
magnetic-wave shielding efficiency and light transparency and providing distinct pictures because the conductive 
composite mesh member can be formed in a mesh design having a large sieve opening with fine fibers without losing 
the light transmitting efficiency and the electromagnetic-wave shielding efficiency, which should be insufficient only by 
the conductive composite mesh member, can be compensated by the transparent conductive film. In addition, the elec- 
w tromagnetic-wave shielding and light transmitting plate can be provided with excellent heat-ray (near infrared ray) block- 
ing efficiency. 

[0176] In the electromagnetic-wave shielding and light transmitting plate of the second aspect, the safety is improved 
because the conductive composite mesh member is interposed between the transparent base plates and bonded to be 
integrated so as to prevent scattering of fragments when damaged. 
15 [0177] Hereinafter, the display panel of the third aspect of the present invention will be described with reference to 
Fig. 4. 

[0178] Fig. 4 is a schematic sectional view showing an embodiment of the display panel of the third aspect of the 
present invention. 

[0179] The display panel 21 comprises a transparent base plate 22. a PDP body 20 (any of typical PDPs such as the 
20 PDP having the structure as shown in Fig. 6), a conductive composite mesh member 23, and a transparent conductive 
film 25. The conductive composite mesh member 23 and the transparent conductive film 25 are overlaid and bonded to 
each other by an adhesive intermediate film 24B to make a pre-assembled unit. The pre-assembled unit is interposed 
between the transparent base plate 22 and the PDP body 20 through adhesive intermediate films 24A, 24C and inte- 
grated together so as to make an assembled unit. Then, the margins, positioned outside of peripheral edges of the 
25 transparent base plate 2, of the conductive composite mesh member 23 are folded along the peripheral edges of the 
transparent base plate 22 and bonded to the transparent base plate 22 by a conductive adhesive tape 27. 
[0180] In this embodiment, the conductive adhesive tape 27 adheres to all around ends of the assembled unit of the 
transparent base plate 22, the conductive composite mesh member 23, the transparent conductive film 25, and the 
PDP body 20 and also adheres to outer edges of both surfaces of the assembled unit, i.e. outer edges of the front sur- 
30 face of the transparent base plate 22 and outer edges of the rear surface of the PDP body 20. 

[0181] In the third aspect, used as the conductive adhesive tape 27 may be a conductive adhesive layer 27B formed 
on a surface of a metallic foil 27A in the same manner as that of the first aspect 

[0182] In the third aspect, used as the transparent base plate 22 may be plates made of the same material and having 
the same thickness as the transparent base plate 2A of the first aspect. The same description as the first aspect may 
35 be applied to this aspect with regard to an antiref lection film 26 applied on the transparent base plate 22, and, in addi- 
tion, high functional finish such as soil resistant finish to be applied on the antiref lection film 26 and other hard coatings 
to be processed on the transparent base plate 22. 

[0183] Also in the third aspect, as the conductive composite mesh member 23 to be interposed between the trans- 
parent base plate 22 and the PDP body 20, a conductive composite mesh member, just like that of the first aspect, in 
40 which metallic fibers and/or metal-coated organic f foers, of which wire diameter is 200 urn or less, and transparent fib- 
ers are woven, may be employed. For example, a conductive composite mesh member having the arrangement of fib- 
ers described above with reference to Fig. 2 may be employed. 

[0184] The transparent conductive film 25 may comprise a resin film or a base film, in which conductive particles are 
dispersed, and a transparent conductive layer formed on the resin film or the base film as mentioned with regard to the 

45 second aspect. In the third aspect, as shown in Fig. 4, the transparent conductive film 25 and the conductive composite 
mesh member 23 are used together in order to provide excellent electromagnetic-wave shielding efficiency. 
[0185] In case that conventional adhesives are used for integrating the PDP body and the transparent base plate, 
when the transparent base plate or the PDP body is broken due to some impact or the like, there is a possibility of the 
fragments scattering. In order to securely prevent the scattering of fragments when broken due to some impact so as 

so to improve the safety, in the third aspect, transparent elastic adhesives, for example, adhesives normally used for lam- 
inated glass is preferably used to integrate the transparent base plate 22. the conductive composite mesh member 23, 
the transparent conductive film 25. and the PDP body 20. As the transparent elastic adhesives, examples mentioned 
as the adhesive resin of the first aspect may be employed. Among them, ethyiene-vinyl acetate copolymer (EVA) or 
PVB resin is preferably employed. 

55 [0186] The display panel 21 shown in Fig. 4 can be easily made, for example, by using sheet-like adhesive interme- 
diate films 24A. 24B, 24C described in the first aspect, sandwiching the conductive composite mesh member 23 and 
the transparent conductive film 25 between the adhesive intermediate films 24A, 24B, and 24C, respectively, interpos- 
ing them between the transparent base plate 22 and the PDP body 20, decompressing and deaerating them under the 
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heated condition, and hardening the adhesive layer by heating or irradiation to integrate them. 
[0187] The adhesive intermediate films 24A, 24B, 24C are each formed to have a thickness between 1 urn and 1 mm 
not to make the adhesive layers too thick. The conductive composite mesh member 23 is formed to have an area larger 
than that of the transparent base plate 22 so that the periphery thereof is positioned outside of peripheral edges of 
5 transparent base plate 22 so as to form margins when it is interposed therebetween. The conductive composite mesh 
member 23 is preferably formed in such a size that the margins of the conductive composite mesh member 23 are 
folded to cover parts of the surface of the transparent base plate 22 and the width of the portion covering the parts is in 
a range from 3 to 20 mm. 

[0188] After the transparent base plate 22, the conductive composite mesh member 23, the transparent conductive 
io film 25, and the PDP body 20 are integrated, the margins of the conductive composite mesh member 23 are folded, and 
the conductive adhesive tape 27 is wound onto the periphery of the assembled unit to fix the margins onto the surface 
and is bonded according to a hardening method, such as thermo compression bonding, suitable for the employed con- 
ductive adhesive tape 27. 

[01 89] The transparent conductive film 25 is provided with a conductive tape such that margins of the conductive tape 
is are positioned outside of the peripheral edges of the transparent conductive f flm 25 and the margins of the conductive 
tape are bonded to the sides of the assembled unit by the conductive adhesive tape 27 to ensure the conduction 
between the tape and the conductive adhesive tape 27. 

[0190] The display panel 21 onto which the conductive adhesive tape 27 is bonded can be simply and easily built in 
the body of the equipment only by fitting it in the body of the equipment and can provide uniform conduction along the 
20 peripheral direction between the conductive composite mesh member 23, the transparent conductive film 25, and the 
body of the equipment through the conductive adhesive tape 27, thereby exhibiting good electromagnetic-wave shield- 
ing efficiency. 

[01 91 ] It should be noted that the display panel shown in Fig. 4 is an example of the display panel of the third aspect, 
so the third aspect is not limited to the illustrative example. For example, while the conductive composite mesh member 

25 23 is formed such that periphery thereof is positioned outside of the peripheral edges of the transparent base plate 22 
and is folded in the above description, the conductive composite mesh member 23 may be formed such that only two 
opposite sides thereof are positioned outside of the edges of the transparent base plate 22 and are folded. 
[0192] Though the transparent conductive film 25 is disposed between the conductive composite mesh member 23 
and the PDP body 20 as shown in Fig. 4, the transparent conductive film 25 may be disposed between the conductive 

30 composite mesh member 23 and the transparent base plate 22. The transparent conductive layer may be directly 
formed on the bonded surface of the transparent base plate 22 or the front plate of the PDP body 20. 
[01 93] In the display panel of the present invention, a heat-ray blocking film may be interposed between the transpar- 
ent base plate 22 and the PDP body 20. In this case, the heat-ray blocking film may comprise a base film and a heat- 
ray blocking coating, such as zinc oxide and silver thin film, processed on the base film. The base film is preferably a 

35 film made of PET, PC, PMMA, or the like. The thickness of this film is preferably in a range between 10 ^im and 20 mm 
to prevent the thickness of the resultant display panel from being too thick to ensure its easy handling and its durability. 
The thickness of the heat-ray blocking coating, which is formed on this base film, is usually from 500 A to 5000 A. 
[01 94] In the display panel of the third aspect, by utilizing a PD P which is integrated with electromagnetic-wave shield- 
ing material, electromagnetic-wave shielding efficiency is imparted to the display panel itself, thereby lightening its 

40 weight, making it thinner, reducing the number of parts, and thus improving the productivity and reducing the cost. In 
addition, it can prevent the malfunction of a remote controller. 

[0195] By using, as electromagnetic-wave shielding material, the conductive composite mesh member, in which 
metallic fibers and/or metal-coated organic fibers having small wire diameter and transparent fibers are woven, it is able 
to have larger sieve opening maintaining the mesh configuration to obtain excellent light transparency and thus to pro- 
45 vide distinct pictures by preventing the moire phenomenon. 

[0196] Since, in the display panel of the third aspect, the conductive composite mesh member is interposed between 
the PDP body and the transparent base plate, the scattering of fragments when damaged can be prevented, thereby 
improving the safety. 

[0197] Hereinafter, the display panel of the fourth aspect of the present invention will be described with reference to 
so Figs. 5a, 5b. 

[0198] Fig. 5a is a schematic sectional view showing an embodiment of the display panel of the present invention, 
and Fig. 5b is a plan view showing a transparent conductive film on which cross-linkable conductive adhesive tapes are 
applied. 

[0199] This display panel 31 comprises a transparent base plate 32, a PDP body 30 (any of typical PDPs such as the 
55 PDP having the structure as shown in Fig. 6), and a transparent conductive film 34 bonded on one surface of the PDP 
body 30 by an adhesive resin f flm 33C. A conductive composite mesh member 35 is interposed between the transpar- 
ent base plate 32 and the PDP body 30 and are bonded together using adhesive resin films 33A, 33B so as to form an 
assembled unit. First cross-linkable conductive adhesive tapes 37A are bonded from four side edges of the transparent 
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conductive film 34 on the PDP body 30 to peripheral edges of the other surface of the PDP body 30, respectively. 
According to this aspect, the margins of the conductive composite mesh member 35 positioned outside of the periph- 
eral edges of the transparent base plate 39 and the PDP body 30 are folded along the peripheral edges of the PDP 
body 30 where the cross-linkable conductive adhesive tapes 37A are attached. Further, a second conductive adhesive 
5 tape 37B is further bonded to all around ends of the assembled unit of the transparent base plate 32, a conductive com- 
posite mesh member 35, the transparent conductive film 34, and the PDP body 30 in such a manner as to cover corners 
between surfaces and the end faces so that the second conductive adhesive tape 37B is bonded to outside edges of 
both the transparent base plate 32 and the PDP body 30. 

[0200] Each of the cross-linkable conductive adhesive tapes 37A, 37B used in the fourth aspect has a metallic foil 37a 
w and an adhesive layer 37b in which conductive particles are dispersed wherein the adhesive layer 37b is disposed on 
one surface of the metallic foil 37a in the same manner as the second aspect. It is preferable that the adhesive layer 
37b is a post-cross-linkable adhesive layer which contains polymer of which main component is ethylene-vinyl acetate 
copolymer and crosslinking agent. 

[0201] In the fourth aspect, used as the transparent base plate 32 may be a plate made of the same material and 
15 having the same thickness as the transparent base plates 2A of the first aspect as mentioned above. The same descrip- 
tion as the first aspect may be applied to this aspect with regard to an antiref lection film 38 applied on the transparent 
base plate 32, and, in addition, high functional finish such as soil resistant finish to be applied on the antiref lection film 
38, and other hard coatings to be processed on the transparent base plate 32. 

[0202] The transparent conductive film 34 may comprise a resin film or a base film, in which conductive particles are 
20 dispersed, and a transparent conductive layer formed on the resin film or the base film as mentioned with regard to the 
second aspect. In the fourth aspect, as shown in Fig. 5a, the transparent conductive film 34 and the conductive com- 
posite mesh member 35 are used together in order to provide excellent electromagnetic-wave shielding efficiency. 
[0203] Also in the fourth aspect, as the conductive composite mesh member 35 to be interposed between the trans- 
parent base plate 32 and the PDP body 30, a conductive composite mesh member, just like that of the first aspect, in 
25 which metallic fibers and/or metal-coated organic f rbers, of which wire diameter is 200 \um or less, and transparent fib- 
ers are woven, may be employed. For example, a conductive composite mesh member having the arrangement of fib- 
ers described above with reference to Fig. 2 may be employed. 

[0204] Also in the fourth aspect, because of the same reason, transparent elastic adhesives. for example, adhesives 
normally used for laminated glass is preferably used to integrate the transparent base plate 32, the conductive compos- 
30 ite mesh member 35, the transparent conductive film 34, and the PDP body 30. As the transparent elastic adhesives, 
examples mentioned as the adhesive resin of the first aspect may be employed. Among them, ethylene-vinyl acetate 
copolymer (EVA) or PVB resin is preferably employed. 

[0205] TTie adhesive resin films 33A, 33B, 33C are each formed to have a thickness between 1 urn and 1 mm not to 
make the adhesive layers too thick The conductive composite mesh member 35 is formed to have an area larger than 

35 that of the transparent base plate 32 and the PDP body 30 so that the periphery thereof is positioned outside of periph- 
eral edges of transparent base plate 32 and the PDP body 30 so as to form margins when it is interposed therebetween. 
The conductive composite mesh member 35 is preferably formed in such a size that the margins of the conductive com- 
posite mesh member 35 are folded to cover parts of the surface of the PDP body 30 and the width of the portion cov- 
ering the parts is in a range from 3 to 20 mm. 

40 [0206] To make the display panel 31 shown in Figs. 5a, 5b, the transparent base plate 32A on which antirefiection 
layer 38 is formed, the PDP body 30, the transparent conductive film 34, the conductive composite mesh member 35, 
the adhesive resin films 33A, 33B, 33C, and the cross-linkable conductive adhesive tapes 37A, 37B are prepared. The 
cross-linkable conductive adhesive tapes 37A are attached on the periphery of the transparent conductive film 34, com- 
pressed under the heated condition, and crosslinked by for example a heat sealer so as to have conduction between 

45 the film and the cross-linkable conductive adhesive tapes 37A. Then, the PDP body 30 is laid on the transparent con- 
ductive film 34 through the adhesive resin film 33C. Alter that, the adhesive resin films 33A, 33B with the conductive 
composite mesh member 35 sandwiched therebetween are interposed between the transparent base plate 32 and the 
PDP body 30, compressed under the hardened condition of the adhesive resin films 33A through 33C. and heated or 
irradiated to integrate them. The margins of the conductive composite mesh member 35 are folded and the conductive 

so adhesive tape 37B is further bonded to outside edges of both transparent base plates 32 and PDP body 30. 

[0207] The cross-linkable conductive adhesive tapes 37A, 37B are bonded to an adherend by tackiness of the adhe- 
sive layer 37b thereof (this temporal adhesion allow re-adhesion, if necessary) and then heated or radiated with ultra- 
violet with some pressures, if necessary. In case of ultraviolet radiation, heating may be also performed. The cross- 
linkable conductive tapes may be partially bonded by partially heating or radiating ultraviolet. 

55 [0208] The heating and bonding method and the bonding condition are the same as those described with regard to 
the aforementioned second aspect 

[0209] The width (designated by W in Fig. 5b) of adhering portions of the cross-linkable conductive adhesive tapes 
37A at the edges of the transparent conductive film 34 depends on the area of the display panel 31 and usually in a 
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range from 3 to 20 mm. 

[021 0] As mentioned above, the display panel 31 with the cross-linkable conductive adhesive tapes 37A. 37B can be 
quite easily built in a body of equipment only by fitting into the body and can provide uniform and good current conduc- 
tion between the transparent conductive film 34 and the conductive composite mesh member 35 and the body of equip- 
5 ment through the cross-linkable conductive adhesive tapes 37A, 37B on four sides of the plate, thereby exhibiting high 
electromagnetic-wave shielding efficiency. 

[021 1] The display panel shown in Figs. 5a. 5b is only one of examples of the display panel of the aspect so that the 
fourth aspect is not limited thereto. For example, the cross-linkable conductive adhesive tapes 37A is bonded to four 
side edges of the transparent conductive film 34 in the illustrative embodiment, but may be bonded to only two side 
10 edges opposite to each other. And also, for example while the four side edges the conductive composite mesh member 
35 are positioned out of the transparent base plates 32 and POP body 30 and folded back in the illustrative embodi- 
ment, only two side edges opposite to each other may be positioned out of the transparent base plate and folded back. 
It should be understood that the bonding or positioning out on four-side edges is better in view of uniform current con- 
duction. 

is [021 2] In addition, the display panel of the fourth aspect is not limited to that bonding the transparent base plate and 
a transparent conductive film with adhesive resin film as shown in Figs. 5a, 5b. The display panel may be famed by 
using the PDP body on which a transparent conductive film is directly formed. In this case, formed on the front panel of 
the PDP body is a transparent conductive film as follows: 

20 (1) a metallic fflm formed in a lattice or punching metal-like arrangement on the plate surface of the front panel of 
the PDP body by pattern etching, comprising steps of coating with photo-resist, exposing a pattern, and developing 
the pattern. 

(2) a printing film formed in a lattice or punching metal-like arrangement on the plate surface of the front panel of 
the PDP body by printing a pattern with conductive ink. 

25 

[021 3] In the display panel of the fourth aspect, metallic foil which is formed in lattice or punching metal-like arrange- 
ment by pattern etching may be used in place of the transparent conductive film of the display panel shown in Figs. 5a, 
5b. Also in this case, the metallic foil is easy to tear at the folded portion. Without folding the metallic foil, current con- 
duction can be easily provided. 

30 [0214] In the display panel of the fourth aspect, a heat-ray blocking film may be interposed between the transparent 
base plate 32 and the PDP body 30. In this case, the heat-ray blocking film may comprise a base film and a heat-ray 
blocking coating, such as zinc oxide and silver thin film, processed on the base film. The base film is preferably a film 
made of PET, PC, PMMA, or the like. The thickness of this film is preferably in a range between 10 \im and 20 mm to 
prevent the thickness of the resultant display panel from being too thick to ensure its easy handling and its durability. 

35 The thickness of the heat-ray blocking coating, which is formed on this base film, is usually from 500 A to 5000 A. 
[021 5] As mentioned above, in the display panel of the fourth aspect, by utilizing a PDP which is integrated with elec- 
tromagnetic-wave shielding material, electromagnetic-wave shielding efficiency is imparted to the display panel itself 
thereby lightening its weight, making it thinner, reducing the number of parts, and thus improving the productivity and 
reducing the cost. In addition, it can prevent the malfunction of a remote controller. 

40 [021 6] According to the fourth aspect, the combination of the transparent conductive film and the conductive compos- 
ite mesh member enables the display panel to have excellent electromagnetic-wave shielding efficiency and light trans- 
parency and can provide distinct pictures because the conductive composite mesh member can be formed in a mesh 
design having a large sieve opening with fine fibers without losing the light transmitting efficiency, and the electromag- 
netic-wave shielding efficiency, which should be insufficient only by the conductive composite mesh member, can be 

45 compensated by the transparent conductive film. In addition, the display panel can be provided with excellent heat-ray 
(near infrared ray) blocking efficiency. 

[021 7] The display panel of the fourth aspect can be easily assembled, can simply and easily built in the body of the 
equipment and can securely provide uniform conduction relative to the body of the equipment, thereby exhibiting good 
electromagnetic-wave shielding efficiency. 
so [021 8] In the display panel of the fourth aspect, the safety is improved because the conductive composite mesh mem- 
ber is interposed between the transparent base plate and the PCP body and bonded to be integrated so as to prevent 
scattering of fragments when damaged. 

Claims 

55 

1 . An electromagnetic-wave shielding and light transmitting plate comprising two transparent base plates and a con- 
ductive mesh member, said conductive mesh member being interposed between said transparent base plates and 
integrally bonded together by transparent adhesives, 
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wherein said conductive mesh member is a conductive composite mesh member which is made by weaving trans- 
parent fibers with at least one of metallic fibers and metal-coated organic fibers, said fibers have a diameter of 200 
jim or less, and said mesh member has an open area ratio of 75% or more. 

5 2. An electromagnetic-wave shielding and light transmitting plate as claimed in claim 1 , wherein difference between a 
refraction factor of said transparent fibers and a refraction factor of said transparent adhesives is less than 0.15. 

3. An electromagnetic-wave shielding and light transmitting plate as claimed in claim 1 or 2, wherein said transparent 
adhesives consists of heat-cross-linkable adhesive resin comprising ethyl ene-vinyl acetate copolymer as a main 

10 component and a crosslinking agent 

4. An electromagnetic-wave shielding and light transmitting plate as claimed in any of claims 1 to 3, wherein said 
transparent base plates consists of a first base plate and a second base plate, and 

wherein a transparent conductive film is provided on a surface of said second base plate, sad surface facing to said 
15 first base plate. 

5. An electromagnetic-wave shielding and light transmitting plate as claimed in claim 4, wherein at least one conduc- 
tive adhesive tape is bonded to cover a range from the outside edges of said transparent conductive film to the out- 
side edges of the other surface of said second transparent base plate through the end faces of said second 

20 transparent base, and 

margins of said conductive mesh member are positioned outside of the peripheral edges of said first and sec- 
ond transparent base plates, folded along the peripheral edges of said second transparent base plate, and 
attached to the surface of said second transparent base plate. 

25 

6. An electromagnetic-wave shielding and light transmitting plate as claimed in claim 5, wherein a further conductive 
adhesive tape is bonded to cover a range from the end faces of said first and second transparent base plates to the 
outside edges of a surface at the non-bonding side of said first transparent base plate and the outside edges of the 
other surface of said second transparent base plate. 

30 

7. An electromagnetic-wave shielding and light transmitting as claimed in claim 5 or 6, wherein at least one of said 
conductive adhesive tapes is a cross-linkable conductive adhesive tape. 

8. A display panel comprising a plasma display panel body, a conductive mesh member bonded to a front surface of 
35 said plasma display panel body by transparent adhesives, and a transparent base plate bonded to a front surface 

of said conductive mesh member by transparent adhesives, wherein said conductive mesh member is a conductive 
composite mesh member which is made by weaving transparent fbers with at lease one of metallic fibers and 
metal-coated organic fibers, said fibers have a diameter of 200 um or less, and said mesh member has an open 
area ratio of 75% or more. 

40 

9. A display panel as claimed in claim 8, wherein difference between a refraction factor of said transparent fibers and 
a refraction factor of said transparent adhesives is less than 0.15. 

10. A display panel as claimed in claim 8 or 9 t wherein said transparent adhesives consists of heat-cross-linkabie 
45 adhesive resin comprising ethyl ene-vinyl acetate copolymer as a main component and a crosslinking agent. 

1 1 . A display panel comprising a plasma display panel body as claimed in any of claims 8 to 1 0, wherein a transparent 
conductive film is provided between the plasma display panel body and the conductive composite mesh member; 

so at least one conductive adhesive tape is bonded to cover a range from the outside edges of said transparent 

conductive film to the outside edges of the other surface of said plasma display panel body through the end 
faces of said plasma display panel body; and 

margins of said conductive composite mesh member are positioned outside of the peripheral edges of said 
transparent base plate and the plasma display panel body, folded along the peripheral edges of said plasma 
55 display panel body, and attached to the surface of said plasma display panel body. 

1 2. A display panel as claimed in claim 1 1 , wherein a further conductive adhesive tape is bonded to cover a range from 
the end faces of said transparent base plate and said plasma display panel body to the outside edges of a surface 
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at the non-bonding side of said transparent base plate and the outside edges of a surface at the non-bonding side 
of said plasma display panel body. 

A display panel as claimed in claim 11 or 12, wherein at least one of said conductive adhesive tapes is a cross- 
linkable conductive adhesive tape. 

A display panel as claimed in claim 11, wherein said transparent adhesives are transparent elastic adhesives. 
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Fig. 5a 



37B 



37A 




Fig. 5b 



34 



37A 



37A 




37A 



28 



EP000930637A2 [file.://C:\Documents and Settings\keehanb\Local SettingsUemporary Internet Files\OLK23\EP000930637A2.cpc] 

EP0930 637 A2 



Fig. 6 
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